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FOREWORD

The prevention of blindness presents a special challenge to all

organizations and individuals concerned with international health because we

are confident that four out of five cases of this tragic affliction can be

avoided. This means that the World Health Organization's projection of a

worldwide blind population of 84 million by the end of the century can be held

at less than half that number. But in order to work this seeming "miracle," we

must draft all available forces for an intensive global attack on the four

major causes of blindness -- trachoma, cataract, onchocerciasis (river
blindness), and xerophthalmia (nutritional blindness).

The Edna McConnell Clark Foundation has made possible an immense step toward
meeting this challenge. Thanks to a grant from the Foundation, Helen Keller
International brought together, in June 1983, scientific and operational
experts for a coordinated probe of the state of blindness prevention throughout
the world. Their charge was to share current knowledge and practice in

prevention, treatment, and cure of the major blinding diseases; to set clinical
and laboratory research goals for expanding preventive methodology; and to
focus on operational strategies for the delivery of eye health care.

The papers given at the meeting and the recommendations arrived at by the

group of experts offer new insights into the causes of blindness and open new
approaches to blindness prevention for physicians, research scientists, and

public health planners everywhere. In third-world nations, where three-fourths
of all blindness now occurs, the report should have particular impact.

We extend sincere appreciation to the Edna McConnell Clark Foundation for

providing Helen Keller International with the opportunity to organize this
important meeting and to present to the international community this report on

Research Priorities for the Prevention of Blindness in Developing Countries.
Thanks are due also to Dr. Bjorn Thylefors, program manager for Blindness
Prevention of the World Health Organization, and Dr. William Darby,
past-president of the Nutrition Foundation, for their valuable comments on the
manuscript. Dr. Vivian Beyda edited the report with skill and sensitivity. This
is a document that sets the stage for significant advances in our urgent effort
to eradicate unnecessary blindness.

Jansen Noyes, Jr.

Chai rman

Board of Trustees
Helen Keller International
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PREFACE

The need for accelerated global programs to combat blindness

is attested by the magnitude of the problem--42 million blind

people in the world today, with a predicted doubling of their

numbers by the year 2000. Last year alone more than two million

people lost their sight. The further tragedy is that 80 percent of

this blindness is avoidable.

Immediate, expanded international action is called for to

reduce the major and potentially avoidable public health problem

that blindness presents throughout the developing nations, for it

is in these socially deprived, impoverished areas that 75 percent

of the world's blind population resides. Prevention of blindness

is far more expedient and much more cost-effective than the mere

provision of rehabilitation and other services for blind

individuals. These services cannot even begin to address the vast

humanitarian, social, and economic problems that arise from the

devastating affliction of blindness.

The principal blinding diseases are: cataract (clouding of

the lens of the eye); trachoma (chronic inflammatory infection of

the eye); xerophthalmia (dry eye and destruction of the cornea);

and onchocerciasis (parasitic invasion of the eye).
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Effective prevention and treatment of visual disability lies

in determining root causes of disease and geographic distribution

of victims, developing cost-effective eye care delivery systems,

and expanding existing technology through clinical investigations

and operations research that links new knowledge to field

conditions. New research in such areas as xerophthalmia and

trachoma control, cataract intervention, and drug therapy to halt

the progression of onchocerciasis is crucial if a significant

reduction of avoidable blindness in developing countries is to be

achi e ved .

Helen Keller International (HKI), founded in 1915, is a major

U.S. voluntary agency working to combat blindness in the

developing world. For the past ten years, HKI's concentration has

been on the control of xerophthalmia, the major cause of vision

loss among children up to the age of six years. More recently, the

agency has turned its attention to combating a broad range of

sight-destroying diseases by adding an eye care component to the

primary health care systems of third-world countries. At the same

time, HKI is continuing its programs to control nutritional

blindness.

Although Helen Keller International and a variety of other

national and international organizations, often working

collaboratively, have implemented blindness prevention programs in

many parts of the developing world, much remains to be done. A
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concerted effort is needed to launch a major research initiative

to extend present knowledge of causes and prevention of blindness,

and to develop more effective service deliver}' systems.

Recognizing the primary need to identify and more clearly define

these research areas, HKI convened a meeting of an Expert

Committee in Washington, D.C. on June 10-11, 1983, to recommend

research priorities.

John H. Costello, Executive Director of Helen Keller

International, who chaired the group, charged the Expert Committee

to focus on: (1) the identification of issues not currently under

investigation that can have broad application in developing

countries: and (2) options that would have significant impact on

reducing blindness rates. The deliberations centered on:

. the extent of blindness in the developing world

. current research relating to the control and
prevention of the major known causes of blindness

. important research gaps

. research priorities for developing practical
strategies that would have application to large-scale
blindness control programs

. operations research as a means of formulating
mu 1 t i d i sc i

p 1 i n a ry intervention strategies to increase
the quality and accessibility of eye health services

In defining its work, the Committee agreed that its

recommendations would:
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. be weighted to the needs of developing countries

. derive from an analysis of current major research
act i vi t i es

. be based on a consideration of the cost of proposed
research and the availability of interested and
capabl e sci enti sts

. be consistent with existing local administration and
management skills to ensure adequate implementation of
proposed programs

Members of the Expert Committee are:

John H. Costello, Chairman (Operations Research)
Executive Director, Helen Keller International

Chandler Dawson, M.D. (Trachoma)
Associate Director, Francis I. Proctor Foundation for
Research in Ophthalmology; and Director, W.H.O. Collaborating
Center for Prevention of Blindness and Trachoma

Louis D. Pizzarello, M.D. (Operations Research)
Medical Advisor, Helen Keller International

Alfred Sommer, M.D, (Xerophthalmia)
Director, International Center for
Epidemiologic and Preventive Ophthalmology

Robert D. Sperduto, M.D. (Cataract)
Medical Officer in Ophthalmology
National Eye Institute

Hugh R. Taylor, M.D. (Onchocerciasis)
Associate Director, International Center for
Epidemiologic and Preventive Ophthalmology

Other persons in attendance at the Expert Committee meeting were:

Vivian Beyda, Dr.P.H.
Public Health Consultant

JosephA. Cook, M.D.
Program Director, Tropical Disease
Research Program
The Edna McConnell Clark Foundation
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Edward A. Glaeser
Associate Director, Helen Keller International

Sharon B . King
Program Associate, Tropical Disease
Research Program
The Edna McConnel 1 Clark Foundation

The report of this Expert Committee provides information and

recommendations that will serve as a guide in selecting

appropriate research opportunities. It was prepared with the

intention of widening the choices available to policymakers,

program planners, and researchers who are pursuing the elimination

of blindness as a major cause of human suffering.

What follows is a summary that highlights: (1) the scope of

the problem, (2) the major causes of blindness, (3) important

research areas, and (4) present knowledge and recommendations for

research. The summary is followed by background papers giving more

detailed analyses of the four major eye diseases and research

i mperat i ves

.

xi





SUMMARY

Scope of the Problem

The World Health Organization (WHO) estimates the total blind

population at 42 million. This number is likely to double by the

year 2000 unless urgent research and operational programs are

instituted to control the causes of visual disability.

Two basic factors confront policymakers and health officials

dealing with the enormity of this problem: (1) more than

three-fourths (at least 35 million) of the blind live in

developing countries, beyond the easy reach of basic eye care

services, and (2) 80 percent of blindness would be preventable or

easily curable if appropriate epidemiological studies were

undertaken, expanded biochemical and immunological research

initiated, and new technologies for treatment and cost-effective

delivery systems developed and applied.

The tragedy of severe visual impairment strikes all age

groups in third-world countries. Annually, some 500,000 young

children are blinded by the vitamin A deficiency disease,

xerophthalmia. Potentially blinding trachoma afflicts 400 million

people of all ages. Onchocerciasis is endemic in tropical Africa,

as well as in some areas in Central and South America. Cataracts

threaten the sight of older persons in all parts of the world, and
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the backlog of operable cataract cases awaiting surgery in poorer

countries, now pegged at more than 16 million, means that

additional millions remain blind for want of a relatively' simple

operative procedure.

The disproportionate share of the world's 42 million blind

people occurs in developing countries because poverty, poor

sanitation, malnutrition, environmental hazards, infection, and

absence of eye health care inevitably lead to a high prevalence of

blindness and serious visual impairment. Blindness rates in the

third world are often 10 to 40 times higher than those in the

industrialized West, where vision loss results primarily from the

aging process, metabolic disorders, and trauma. Many of the eye

disorders in the third world have been eradicated in the West as a

result of better health care and improved standards of living.

Added to the intense human suffering, the economic cost of

blindness is staggering; WHO estimates the minimal annual cost in

the third world to be $1.1 billion. Because social and welfare

services are nonexistent in most developing countries, families

must assume the cost of feeding, clothing and sheltering the blind

person as well as providing someone to guide him. The blind

individual who is economically unproductive and whose needs must

nevertheless be met represents an economic loss equal to the

productivity of two to three persons.
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A global program to reduce preventable blindness is estimated

to cost $350-$560 million per year. Such expenditures would add

millions of people to the work force, thereby improving

productivity, encouraging economic development, and easing the

strain on beleaguered economies that would otherwise be forced to

commit scarce development resources in order to finance social

services to millions of blind and visually handicapped people.

While it is unrealistic to expect complete eradication of

blindness, the recurrent cost of maintaining control programs

would probably be reduced to $100-120 million annually.

Annual estimates of principal funds committed for blindness

prevention research related to developing countries are:

. Cataracts: $9 million (National Eye Institute)

. Trachoma: $900,000 (National Institute for Health)

. Xerophthalmia: $500,000 (WHO, Agency for International
Development, Helen Keller International, UNICEF, etc.)

. Onchocerciasis: $800,000 (National Eye Institute,
National Institutes for Health, Medicine Research
Center

)

. Onchocerciasis: $4.5 million (control programs,
including filariasis-- World Health Organization,
United Nations Development Program, Food Agriculture
Organization, World Bank)

This total of almost $16 million is clearly insufficient

and inconsistent with the global need. In addition, the

combined budgets of major nongovernmental organizations for

research, technical assistance, and eye health services is

$25-30 million. This represents the financial commitment of
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such agencies as: Asian Society' for the Prevention of

Blindness, Canadian National Institute for tne Blind,

Christoffel Bl i ndenmi s s i on , Foresight, Helen Keller

International, International Eye Foundation, Operation

Eyesight Universal, and Royal Commonwealth Society for the

Blind, (The addresses of these agencies are listed in the

final section of this report.)

Major Causes of Blindness

Four eye diseases are of such magnitude in developing

countries that control of these alone would reduce worldwide

blindness close to the prevalence rates now found in the

United States (.2 percent). The following chart summarizes

these leading blinding diseases.

. Cataract : Seventeen million persons in developed and
developing countries suffer visual loss from
cataracts. Each year more than one million lose their
sight from this disorder.

. Trachoma : This chronic eye disease afflicts 400
million persons. Six million are blind. It occurs in

Africa, the Middle East, southeast Asia, the Indian
subcontinent, and parts of Latin America.

. Xerophthal mi a : Annually 10 million children suffer
from this nutritional disorder. Every year 500,000
young children lose their sight. It occurs in

Bangladesh, India, Indonesia, the Philippines, Haiti,
Latin America and Africa.

. Onchocerci a s i s : Fifty million people are infected by

this parasitic disease. One million are blind. It

occurs in tropical Africa and in parts of Mexico and

Central and South America.
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Research Areas

Four avenues of research critical to the successful control

of blindness need support. They are: epidemiological, clinical,

basic, and operational.

The goals of epidemiological, clinical, and basic research

a re to :

. augment understanding of environmental and other
factors relating to these diseases

. improve techniques for identifying high-risk
population groups

. dcivelop more effective drug therapies

. improve surgical techniques

. design and assess appropriate control measures

The challenge of operations research lies in discovering

ways to provide the essential linkages for the application of

new and existing technology:

. identify the people who are vulnerable

. suggest ways to reach urban and rural population
groups at-risk

. provide needed, comprehensive eye care services

. develop culturally acceptable, cost-effective
de 1 i ve ry systems
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Present Knowledge and Recommendations for Research

Cataract

Visual loss from cataract (an opacitity of the lens of the

eye) is the leading cause of blindness in the world, with 1.25

million new cases each year. Cataract formation cannot be

prevented by any known means, but sight can be restored by

surgical removal of the cataractous lens. Approximately 17 million

people now have severe visual disability from cataracts. Sixteen

million residing in developing areas of the world are blind from

cataracts because of the lack of trained medical personnel and

inadequate access to surgical services.

For example, in Indonesia, a country with a population

approaching 150 million, there are 200 ophthal mol ogi st s , i.e., one

ophthalmologist per 750,000 people. In Tanzania, where the backlog

of cases needing surgery numbers 150,000, there are only 12

ophthalmologists who perform 1,500 surgical procedures a year. At

this rate, it would take 100 years to treat the current blind

population, to say nothing of new cases that will continue to

develop. By contrast, in the United States with a population in

excess of 200 million the ratio is one ophthalmologist per 20,000

peopl e .

This critical imbalance, therefore, is the basis for the

growing backlog of unalleviated cases of blindness due to

cataract. It is estimated that no more than 10 to 20 percent of
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visually disabling cataracts are surgically excised in these

areas, compared to at least 75 percent in the industrialized

wo r 1 d .

Further complicating the situation is the fact that cataract

is primarily a disease of the aged. Therefore, the prevalence of

cataracts increases as life expectancy rises. Life expectancy is

on the rise in developing countries; in fact, a predicted fivefold

increase in the number of persons over 55 years of age in these

countries by the year 2025 means that a significant growth in the

magnitude of cataract blindness will inevitably follow unless

full-scale control programs become operational.

In addition, premature cataract development has been reported

in India, Nepal, and Africa. Cataracts begin to appear in the

fourth or fifth decades of life in these countries, whereas they

occur in the sixth or seventh decades in the United States.

To reduce the backlog and cure the predicted new cases, the

number of operations in developing countries will have to be

increased by a factor of five or more. On the other hand, delaying

the formation of a cataract by ten years could reduce the need for

cataract operations by as much as 45 percent.

Unless new delivery systems are created, or a means to slow

down the rate of cataract formation is developed, cataract
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blindness will become an ever-increasing problem of public health

significance for the foreseeable future.

Given the high prevalence of cataract blindness in the

developing world and its considerable disabling effects, the

Expert Committee identified the following crucial research needs:

1. Determine, through epidemiological studies, the factors

that increase the risk of cataract development

2. Devise, implement, and evaluate intervention strategies

that effectively address these factors

3. Compare and evaluate various operational models for

delivery of cataract surgery and follow-up services within

geographic and cultural settings with regard to

cost-efficiency, safety, accessibility, and effectiveness

in reducing the backlog and handling of new cases

4. Develop and test a simple standardized system for

classifying cataracts for use in field studies

Blinding Trachoma

Trachoma, one of the most common diseases in the world, is a

major public health problem, affecting 400 million persons, most

of whom live in poor rural communities of the developing world.
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Approximately six million have been blinded by the disease; a far

greater number suffer partial loss of vision.

Trachoma is a chronic, contagious, inflammatory ocular

disease that leads to scarring of the membranes covering the eye

and inside the eyelids, deformities of the eyelids, and to corneal

opacity. The specific cause is a microbial pathogen, C h 1 amy d i a

t rachomat i s , which is transmitted from person to person by close

personal contact and by flies common in the region. Fortunately,

if reinfection is prevented, trachoma may heal with no damage to

the eye. But in its more severe form, it produces substantial

scarring of the cornea with loss of vision.

The highest prevalence rates of trachoma occur in parts of

Africa, the Middle East, and the drier regions of southeast Asia

and the Indian subcontinent. There are pockets of the disease in

Latin America, Australasia, and the Pacific Islands. Milder forms

of trachoma that do not progress to blindness but nevertheless

require medical treatment also occur in these areas and in the

drier subtropical and tropical countries.

Trachoma thrives in the poorest villages, where sanitation

and personal hygiene are at very low levels. The distribution is

uneven in that trachoma can be prevalent in one village and not in

a neighboring one. It is possible to identify communities with

blinding trachoma as opposed to those with nonblinding trachoma by
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surveying for the presence or absence of visual loss due to

corneal opacities and for potentially blinding lesions. In

hy perendemi c communities, upward of 90 percent of the population

has trachoma. In such heavily affected locales, almost all

children are infected by the age of two; they constitute the main

reservoir of the disease. In these areas of high endemicity, the

people accept trachoma as "normal" and therefore are not likely to

seek treatment.

The etiology of trachoma and the means of its transmission

are only partially understood. Present control programs of modest

effectiveness include: (1) mass application of topical

antibiotics; and (2) surgical intervention to correct eyelid

deformities. Such control programs can sharply reduce the

prevalence of trachoma and resultant blindness over a decade of

effort. However, operations research is necessary to develop

cost-effective, practical, and widely applicable intervention

strategies. There is evidence to suggest that research on

developing a vaccine for trachoma control should be considered.

Since infectious trachoma is associated with poverty, poor

sanitation, and the unavailability of safe water for household

use, economic development would rapidly reduce the prevalence of

the disease. However, because rapid social development and

economic growth cannot be assured, long-term control can best be

achieved through continued research and treatment along with the
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promotion of improved personal cleanliness, community sanitation,

better water supplies, and the elimination of breeding sites of

flies that feed on eye secretions.

Research areas that demand immediate attention are:

1. Identification of environmental and other risk factors

leading to blinding trachoma, with subsequent efforts to

devise, implement and evaluate intervention strategies

that effectively address these factors

2. Development and field testing of more effective

chemot herapeut i c agents and evaluation of alternative

methods of drug delivery

3. Evaluation of the importance of extraocular chlamydial

infections in the persistence of blinding trachoma in

endemic areas and their contribution to other forms of

morbi di ty

4. Studies on immunopathogenesi s that would make possible the

development of a vaccine

Xerophthalmia and Measles-Associated Blindness

Xerophthalmia and measles-associated blindness are the major

causes of child blindness in the developing world. Xerophthalmia,

11



also known as nutritional blindness, results from inadequate

consumption of the vitamin A needed for healthy development of the

eye, often in association with generalized chronic undernutrition.

Protein deficiency interferes with storage and utilization of

vitamin A. Any factor that reduces vitamin A intake, absorption,

storage, or transport, or such a disease such as measles that

increases the metabolic need for vitamin A, will contribute to or

precipitate xerophthalmia. The problem is exacerbated by other

circumstances, such as frequent bouts of diarrhea, worm

infestation, repeated respiratory tract infections, and other

febrile illnesses common in developing countries.

Preschool children of rural families with lower socioeconomic

status are at highest risk of blinding xerophthalmia. At least

five million children in Asia alone suffer clinically detectable

xerophthalmia every year. Approximately 50 percent of these

children develop potentially blinding corneal destruction, and

250,000 are blinded in both eyes. The total number of children

with xerophthalmia throughout the world is upward of 10 million.

At least 500,000 become totally blind every year.

Xerophthalmia is prevalent in Indonesia, India, Bangladesh,

and the Philippines. It is recognized as a problem, but not well

delineated in China, Malaysia, and Southeast Asia. It occurs to a

lesser extent in Haiti, Central and South America, and the South

Pacific. The magnitude of the problem in Africa is unknown.
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The immediate treatment for xerophthalmia is rapid

replenishment of vitamin A by the oral administration of high-

potency (200,000 lU) vitamin A capsules and proper attention to

protein-calorie malnutrition as well as any underlying systemic

infection.

The most widely practiced short-term intervention measure in

endemic regions is periodic oral administration of high-dose

vitamin A to the most vulnerable population groups. Mass

distribution programs generally reach a maximum of 60 to 80

percent of the target group. Unfortunately, those at highest risk

are usually missed for a variety of reasons among them,

inaccessibility, cultural attitudes, and lack of awareness.

Long-term prevention and proposed control programs involve

broad changes in infant and child care and feeding practices

leading to increased consumption of vitamin A-rich foods such as

green leafy vegetables and yellow fruits. It is equally imperative

to address the contributory factors. This includes providing safe

water supplies, reducing the rates of diarrhea and respiratory

infection, improving overall nutritional status, and immunizing

agai nst measl es .

Fortification of a commonly consumed food is an effective

means of improving vitamin A intake. Unfortunately a combination

of political, technical, economic factors, and a lack of
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coordinated production facilities often prevent adoption of this

method in countries with high prevalence rates.

Measles is a precipitating cause of xerophthalmia in some

Asian and African children; however, measles per se is considered

the leading cause of child blindness in Africa. While it is

thought to be linked to malnutrition, the etiology of

measles-associated blindness is still unproven, and the

possibilities of effective control are currently limited to

measles immunization. Other than unusually severe measles

accompanied by diarrhea and malnutriton, risk factors for

meas 1 es -a s soc i a t ed blindness have not been clearly elucidated.

Since its etiology is unclear, treatment of underlying infections

and administration of massive doses of vitamin A have been

recommended

.

Major advances in knowledge of the biochemistry of vitamin A

have taken place during the past two decades. While recent

studies, primarily in India and Indonesia, have more clearly

defined the pathogenesis of xerophthalmia, the contributory and

risk factors, and the environment in which the disease arises,

much remains unknown.

The Committee identified the following areas as priorities for

future research :
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1. Investigate the etiology and pathogenesis of

measles-associated blindness in Africa

2. Develop more sensitive biochemical and nonbiochemical

techniques for assessing adequacy of vitamin A nutrition

in order to identify persons with mild vitamin A

deficiency who are at increased risk of corneal

destruction, as well as of nonocular morbidity and

mortal i ty

3. Demonstrate comparative effectiveness of vitamin A

supplementation programs, food fortification, increased

consumption of green leafy vegetables and other

beta-carotene rich foods, and nutrition education

4. Identify constraints which affect adequate consumption of

green leafy vegetables by high-risk preschool -age children

5. Devise more precise and quantifiable measures to assess

the interaction among protein-energy malnutrition,

infection, and parasitic infestation on vitamin A

metabolism as risk factors of keratomalacia (the blinding

stage of xerophthalmia)

Onchocerci asi s

Onchocerciasis, a blinding parasitic disease, now infects
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upwards of 50 million people. One million are totally blind as a

result of the disease, which is transmitted by blackflies. A

worm-like filarial parasite spreads from person to person by

repeated bites of the blackfly. The individuals at greatest risk

and most in need of treatment are those who live or work closest

to breeding sites, typically males aged 15 to 45 years. In some

communities it is the women whose activities bring them in contact

with the breeding sites and who, therefore, have greatest exposure

to the disease-carrying flies.

This disease, commonly known as "river blindness," occurs

near rivers and streams in equatorial Africa and in parts of

Mexico and Central and South America. It has also been identified

in regions southwest of the Arabian Peninsula. The geographic

differences in pattern and severity of onchocerciasis are thought

to be related to differences in the parasite, its vector, and

intensity of transmission. In some African villages almost half

the adult population has been blinded by onchocerciasis.

The human body is the only place in which the adult filarial

worms live. The adult female worms release millions of

microfilariae that invade tissues and organs, including the skin

and eyes, creating pathological tissue changes. The onchocercal

eye lesions are the most serious of the resulting lesions because

they cause visual impairment and blindness. To prevent blindness,

it is necessary to define the factors that influence the risk of
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blindness in a community as well as those that increase the risk

to an individual. These factors include levels of endemicity;

prevalence rates; density of blackflies; and intensity of

infection, which affects annual transmission potential. Other risk

factors include: proximity to breeding sites; occupational and

other exposure to blackflies; density of microfilariae in a sample

of skin; and the existence of early symptoms and signs of

permanent eye damage.

The only known effective preventive measure is avoidance of

the blackfly breeding sites. The problem here is that in West

Africa rivers and streams where these flies lay their eggs run

through fertile, arable valleys, which are usually "densely"

populated because of their agricultural potential. Moving

population groups away from these regions causes severe economic

hardship. The current strategy for prevention, therefore, is to

control the blackfly population by the application of insecticides

for a period of approximately 20 years. At the end of this time,

the vector should be almost eradicated from the region.

World Health Organization, World Bank, United Nations

Development Program, and Food and Agriculture Organization have

initiated the Onchocerciasis Control Program in the Volta River

basin in West Africa, one of the worst endemic zones of

onchocerciasis. This region comprises Upper Volta and parts of

Benin, Ghana, Ivory Coast, Mali, Niger, and Togo. Because many of
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the breeding sites are inaccessible by land, aerial application of

biodegradable insecticides is the only feasible method of

eradicating the flies. While data have demonstrated that

widespread larvicidal programs are successful, the high cost of

such programs precludes their feasibility for most endemic zones.

Treatment of an individual afflicted with onchocerciasis is

aimed at preventing further worsening of the disease by

eleminating either the adult worms or microfilariae from the

infected person without serious adverse reactions. This is not

easy to achieve because currently available drugs are too highly

toxic to be used on a large scale. If it were possible to identify

those at risk of blinding infections at an early stage of

infection, a nontoxic filaricide could prove an effective

t reatment

.

The eye disease evolves in a chronic pattern over a period of

many years. Most of the inflammatory changes in the eye seem to be

caused by the death of the microfilariae. Thus, treatment with

drugs that increase the destruction of microfilariae exacerbates

the ocular inflammatory process.

The most pressing research priorities recommended by the

Committee are to:

1. Study the pathogenesis and inflammatory mechanisms of the
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disease, and patients' allergic response to the death of

microfilariae; and identify filarial antigens to be used

in di agnost i c tests

2. Elucidate the risk factors associated with development of

potentially blinding onchocerciasis, including

choroi doret i nal disease

3. Design and conduct clinical trials to evaluate new drug

compounds being developed for the treatment of

onchocerci asi s

4. Develop and evaluate immunologic methods of early

diagnosis for field application

5. Define the i mmunopat hogenesi s necessary for preventing the

occurrence or progression of ocular lesions; study

immunological response to the onchocercal infection as a

means for developing a vaccine

6. Develop and assess commu n i ty -based , self-help

environmental vector control programs to reduce the number

of man-blackfly contacts

Operations Research

Operations research provides the essential link between the
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discovery of tecnnical or biological solutions to specific

blinding diseases and their effective application through

appropriate health delivery systems to at-risk population groups.

The development of cost-effective, practical delivery systems that

are consistent with cultural beliefs and that utilize existing

resources and technologies is essential if significant progress is

to be made in preventing and controlling blindness on a broad

scale.

The magnitude of the major blinding diseases can be

significantly reduced on the basis of current knowledge by using

operations research techniques to implement intervention programs

in given geographic regions and countries. Since traditional

full-scale assessments are expensive, time-consuming, and

cumbersome, investigative methodologies that are simple,

inexpensive, reliable, and readily available must be developed,

implemented, and assessed. Devising such techniques is an

essential function of operations research.

Also critical to blindness control is the development of

alternative, effective delivery systems that focus on identifying

vulnerable population groups and finding ways to adequately serve

them within the existing framework. This involves, for example,

integrating specialized eye care services with indigenous health

care systems, developing mobile care units or other strategies to

bring services to outlying rural villages. Of importance, too, is
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the establishment of adjunctive referral and support systems to

assure comprehensive eye care and related services.

Central to effective health care delivery is the availability

of sufficient numbers of trained medical and paraprof essi onal

personnel, particularly in view of the dearth of ophthalmologists

in the third world. Whether it is more efficacious to train large

numbers of general health practitioners or to have fewer, more

highly specialized eye care workers may depend on local conditions

that must be considered when selecting appropriate delivery

systems. Operations research provides valuable information on

which to base these decisions.

Among needed training activities are programs that can be

widely instituted and that take into account local needs,

attitudes, and customs. Operations research can be employed to

develop training methodologies and curricula. Appropriate training

materials are needed for all levels of medical personnel --nurses

,

primary health care workers, general practitioners, pediatricians,

and ophthalmologists.

Further, research must be conducted to identify effective

ways of promoting community education about important issues

relevant to blindness prevention, such as personal hygiene,

community sanitation, proper nutrition, eye care, and the

availability of eye health services. Operations research can play

21



an important role in devising culturally appropriate channels of

communication, such as the use of electronic media in addition to

the more traditional forms of reaching audiences.

Important, too, are administration, monitoring, and

evaluation of current and future intervention strategies.

Operations research addresses important questions related to

cost-effectiveness, cost -benef i t , service utilization, and

replicability. Of particular concern is the development of

mechanisms for expanding small-scale demonstration projects to

large-scale national programs. Utilizing the techniques of

operations research, this transition can be facilitated thereby

transposing the services provided by the demonstration on a

micro-scale to the macro-scale required for effective impact.

The Committee recommended the following operations research

priorities:

1. Develop and test simplified methods for assessing the

magnitude and causes of blindness

2. Identify constraints that affect utilization of existing eye

care delivery systems. Devise, implement, and evaluate

delivery systems that effectively address these constraints

3. Design and evaluate alternative strategies for integrating
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eye health care into existing health care infrastructures

Design and test methodologies for use of training materials

Demonstrate the comparative effectiveness of eye care

training programs, and means of communicating, such as

electronic media, as opposed to traditional forms of

educating rural populations.

Develop reliable evaluation techniques that are simple, easy

to implement, and that provide essential data on

repl i cabi 1 i ty , impact, benefit, and cost
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CATARACT

Background

Cataract is the leading worldwide cause of blindness and

visual disability. About 17 million persons in both developed and

developing countries have severe visual loss from cataracts; each

year an additional 1.25 million around the globe are affected.'^ In

India alone, an estimated five million persons are blind and an

additional 20 million have significantly impaired vision because

2
of cataracts. Even in other areas of the developing world where

trachoma, onchocerciasis, and other blinding diseases are highly

prevalent, cataracts are a leading cause of blindness. Moreover,

because cataracts are largely a disease of the elderly, the number

of persons blind from cataracts is likely to increase as life

expectancy increases in the developing world. The projection of a

fivefold increase in the number of persons aged 55 and over by the

year 2025 in developing nations means there could be an enormous

3
upsurge in the prevalence of cataract blindness in coming years

if adequate control measures are not pursued to break the link

between cataract blindness and population expansion.

Clinical Characteristics

In a normal eye the lens is transparent and serves to focus

24



images on the retina. A cataract is a cloudiness or opacity in the

lens that interferes with vision. Opacities can occur singly or in

more than one region of the lens. The effects on vision vary:

minor opacities may have little or no effect; more extensive

opacities may result in complete blindness. Reduced vision is the

only symptom of uncomplicated cataracts.

Included among the many different kinds of cataracts are

congenital, metabolic, traumatic, toxic, secondary and senile or

aging-related cataracts. By far the most common of these

disorders, the senile cataract is among the least understood. The

diagnosis is made when lens opacities develop in adults and other

known causes of cataracts have been excluded. Although not a major

cause of blindness, congenital cataracts are of special importance

because, if left untreated, they result in lifelong blindness.

Although clearly associated with advancing age, visually

disabling cataracts are not an inevitable accompaniment of old

age. What factors distinguish those who develop the disease from

those who do not are largely unknown. Present knowledge implicates

a number of risk factors, but none can be said to be the specific

cause of senile cataracts. It is likely that important causes are

multifactorial and perhaps synergistic.

Some progress has been made in associating senile cataracts

with risk factors that may play a role in pathogenesis. The
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factors that have attracted recent attention include: (1) diabetes

mellitus; (2) exposure to ultraviolet, ionizing, infrared, and

microwave radiation; (3) nutritional factors; (4) metabolic and

biochemical factors; and (5) drug exposures. Increasing interest

in the development of prophylactic measures has stimulated much of

this epidemiologic research.

Magnitude of the Problem

The incidence of cataracts in population groups has not been

determined. Our estimates of the magnitude of the problem come

partly from blindness registries but mainly from prevalence

surveys and reports of the number of operations performed. Caution

must be exercised in making international geographic comparisons

of cataract frequency because of differences in cataract

definitions, study procedures, availability of medical services,

and age distributions of the studied populations.

Prevalence survey data are available from several areas of

the world. These data indicate that the worldwide distribution of

cataracts and cataract blindness varies widely, with cataracts

being especially prevalent in developing countries located in the

tropical belt. Two population-based studies, the Framingham Eye

4 5
Study in the United States and a study done in the Punjab plains

of India, illustrate this apparent international geographic

variation. The population-based Framingham Eye Study was conducted

in 1973-75. In this study, cataracts were diagnosed when senile
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lens changes were present and the best corrected visual acuity was

6/9 or worse, or when senile aphakia (surgical removal of lens)

was present. Cataracts were present in about 5 percent of the

youngest age group, 52-64; 18 percent of the 65-74 age group; and

46 percent of the oldest age group, 75-85.

The Punjab study, conducted in 1976-77, was a population

study of three districts in the green-belt area of the Punjab

plains. Cataracts were diagnosed when aphakia not attributable to

a specific cause, or senile opacities accompanied by visual acuity

of 6/18 or worse, were present. By this definition, cataracts were

present in 29, 43, and 82 percent of the three age groups,

respectively. The overall age-adjusted Punjab prevalence rate was

almost three times higher than the Framingham rate. Moreover, the

Punjab figures are conservative because the visual acuity

criterion was more stringent, and the examinations were done

without slit lamps and through undilated pupils. A comparison of

the findings of these studies also demonstrates that cataracts

begin to appear as an important cause of blindness in the fourth

and fifth decades of life in India, but not until the sixth or

seventh decade of life in the United States. A similar earlier

onset of cataracts has also been reported in certain areas of

Af ri ca and in Nepal

.

A population-based prevalence survey of blindness conducted

in Egypt also revealed much higher rates than those observed in
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developed countries. The cataract blindness rate of 137/1000 for

persons 60 years and over in this study compares with a reported

cataract blindness rate of only 5/1000'' for persons 85 years and

over in the United States.

Data from the WHO Program for the Prevention of Blindness

indicate that cataract is the leading cause of blindness in 116

o

countries covered by the blindness data bank. Cataract was

indicated as the principal cause of blindness in 44 percent of

country reports and accounted for 30 to 50 percent of blindness in

approximately half the reports in which relative blindness

prevalence was indicated.

Data on the number of cataract extractions performed are

available but allow only a crude estimate of the magnitude of the

cataract problem because rates of surgery are so dependent on the

availability of surgical services and the medical demands of the

population. Although the annual rates of cataract surgery are not

generally available for developing countries, data from the

industrial countries indicate rates that vary between 55 and 167

per 100,000.^

Public Health Significance

For every individual blind from cataracts there are many more

with visual impairment from lesser degrees of cataracts. Visual

impairment from cataracts imposes a burden not only on the
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affected individual but on society as a whole. Each year about

540,000 cataract operations are performed in the United States at

a cost of $3 , 000-$6 , 000 per operation, for a total cost of $1.35

billion. ^'^ In developing countries such as India, even where the

cost of cataract surgery is only $8-20, there are growing backlogs

of unoperated cases of cataracts. Despite the low unit cost, the

overall cost of reducing this backlog is enormous, however, in

view of the millions of people in need of this surgery and the

limited availability of trained medical personnel, facilities, and

supplies.

At the present time about 600,000 cataract operations are

performed annually in India. This number must be increased by a

factor of four or more to reduce the backlog of unoperated

cataract blindness cases and treat the new cases each year. In

Tanzania where the backlog of cases needing surgery numbers

150,000, there are only 12 ophthalmologists who perform 1,500

surgical procedures a year. At this rate, it would take 100 years

to treat these, to say nothing of new cases. Comparable problems

exist in many other areas of the developing world.

Treatment

There is no proven medical treatment that will prevent or

cure most forms of cataract. The only effective treatment is

surgery. When a cataract becomes visually disabling, the clouded

lens is removed from the eye. After cataract removal, eyeglasses,
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contact lenses, or intraocular lenses must be used to compensate

for the loss of the natural lens. Contact lenses and intraocular

lenses are often used in place of eyeglasses in the industrialized

nations, but the expense of these devices and the need for careful

follow-up currently make these lenses less attractive alternatives

in the developing world.

Prevention and Control

Cataract formation cannot be prevented. Although vision lost

from cataracts can be restored by a simple surgical operation, it

has been estimated that worldwide only 10 to 20 percent of all

visually significant cataracts are removed. Psychological, social

and economic factors are largely responsible for the failure of

patients in developed countries to seek care. In developing

countries these factors as well as shortages of facilities,

equipment, and personnel result in growing backlogs of unoperated

cases. Contributing to the problem is a lack of public education

about the availability and benefits of cataract surgery. Measures

have been undertaken in many developing countries to extend the

benefits of surgery to more people, but it seems unlikely that

these measures can keep pace with the growing need. It is clear

that some means of preventing or delaying cataract development is

required to reduce the prevalence of the disease. It has been

estimated in the United States, for example, that delaying the

development of cataract by ten years could reduce the number of

cataract operations by 45 percent. ^'^ Thus, the development of a
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means to slow down the rate of cataract formation would be a

significant step in reducing the global prevalence of cataract

blindness.

RESEARCH

Summary of Current Research

The main source of support for cataract research in the world

is the National Eye Institute (NEI). In fiscal year 1981, NEI

supported 101 individual cataract research grants at a total cost

of nearly $9 million (Table 1). Other branches of the federal

government provided limited support for cataract research. Private

organizations also contribute to projects not funded by the NEI.

Limited cataract research is underway in the United Kingdom and

Australia, and to a lesser extent in Japan, Italy, France, and the

Soviet Union.

The Goals of the NEI Program are:

Find means of preventing or slowing cataract
devel opment

Determine the causes and mechanisms of cataract
f ormat i on

Understand the development, biochemistry and
biophysics of the normal lens

Evaluate the safety and efficacy of surgical
methods of cataract extraction

Evaluate new methods for correcting optical
problems that follow cataract surgery
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Table I

NEI Cataract Grants Program

Subprograms
Number of
Studies %

FY 1981
Costs

35

0

24

16

Normal lens

Epidemiology of

cataract

Senile cataract

Diabetic and
metabol i c cataract

Nongenetic congenital
and genetic cataracts
and dislocated lenses

Cataract induced by

en vi ronmental and
toxic effects

Treatment of cataract
correction of aphakia

TOTAL

31

0

24

19

11

10

101

30

0

24

19

11

$3 , 145 , 000

2,1 48,000

1 ,417 ,000

530,000

986 ,000

10 734,000

100 $8,970,000

11

100

32



Recent Advances

Some of the more significant advances in cataract research

are summarized below:
Development of a standardized photographic system
for classifying extracted human cataracts for
laboratory study

Evidence that cataracts may result from oxidation
of lens proteins, causing them to clump together
and scatter light, thereby impairing vision

New knowledge of the embryology, growth, and
development of the normal lens, including the role
of hormones and growth factors involved in cell
differentiation and division

Cloning of lens crystallin DNAs in bacteria to
permit study of genetic control of lens cell
acti vi ti es

Improved understanding of normal lens metabolism

Epidemiological confirmation of the increased risk
of cataract in diabetics under age 65

Evidence supporting the hypothesis that sunlight
exposure may be related to cataract development

Development of several potent chemical inhibitors
of the enzyme aldose reductase, which triggers
cataract formation in diabetic laboratory animals

Increasing evidence of the role of aldose reductase
in causing human diabetic complications, notably
diabetic retinopathy, which suggests a possible
therapeutic use of aldose reductase inhibitors

Study of several animal models of genetic cataract,
making it possible to investigate the genetic
abnormalities underlying these opacities at the
cellular and molecular level

Tissue culture of normal and cataractous animal
lens cells, paving the way for human lens cell
culture, which could lead to determining the key
genetic defect in human congenital cataracts

Use of x-ray -induced cataract in animals as a model
for studying human senile cataract and DNA repair
mechanisms in the lens
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Possible cataract -inducing effects of chronic low
protein consumption

Research Gaps

Areas in need of further investigation include:

Identification of factors that increase the risk of
developing cataracts

Greater understanding of biochemical and
biophysical characteristics of the lens so that
nonsurgical treatment procedures can be developed

Data on the socioeconomic and cultural obstacles
that prevent full utilization of services of those
in need

Development of methods to slow down or prevent the
cataractous process

Identification of factors that distinguish a

successful delivery system from one that achieves
moderate or minimum success

Development of techniques to detect early cataract
formation for use in epidemiological studies

Ways to detect early cataract formation for
epidemiological studies.

Research Opportunities

The majority of people blind from cataracts live in the

developing world. Although caution must be exercised in making

international geographic comparisons of cataract frequency,

prevalence data suggest that senile cataracts are more common and

develop at a younger age in developing countries located in the

tropical belt than elsewhere. Higher incidence rates as well as

inadequate health care delivery systems may play a role in these

high rates. This means that abundant research opportunities are
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available in developing countries for epidemiologic research , for

harvesting large numbers of lenses for biochemical and

morphological analyses, and for conducting operations research.

Recommendations for Further Research

Given the high prevalence of cataract blindness in the

developing world and its considerable disabling effects, the

Expert Committee identified the following crucial research needs:

1. Determine through epidemiological studies the factors that

increase the risk of cataract development

2. Devise, implement, and evaluate intervention strategies

that effectively address these factors

3. Compare and evaluate various operational models for

delivery of cataract surgery and follow-up services within

geographic and cultural settings with regard to

cost -ef f i c i ency , safety, accessibility, and effectiveness

in reducing backlog and in handling new cases

4. Develop and test a simple standardized system for

classifying cataracts for use in field studies
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BLINDING TRACHOMA

Background

In the rural communities of many developing countries endemic

blinding trachoma is still a major public health problem.

Potentially blinding trachoma affects an estimated 400 million

people in these regions, causing blindness in about six million.

Although much of the blindness from trachoma can be controlled by

relatively simple treatment with antibiotic ointment and eyelid

surgery, there is an urgent need for more effective antibotic

treatment and alternative methods to control the disease.

Trachoma is a chronic inflammation of the conjunctiva which

leads to scarring of the conjunctiva and lids, and to opacity of

the cornea. The active infectious inflammatory disease in

childhood may undergo spontaneous resolution with relatively minor

conjunctival scarring and no threat to vision. Severe cases, on

the other hand, may be associated with such marked scarring that

the eyelashes deviate in toward the eyeball. The constant abrasion

of the cornea by wiry, inturned lashes and inability of the lid to

protect the cornea frequently lead to corneal ulceration, followed

by scarring and loss of vision. Trachoma may heal with no damage

to the eye or, in its more severe forms, produce substantial

corneal opacity with loss of vision.
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Et 1 o1 ogy

The specific etiologic agent of trachoma is Chi amyd i a

t rachomat i s but other microbial pathogens contribute to the

disease process. Infections of the eye by C , t rachomat i s occur in

two distinct epidemiologic patterns: blinding trachoma and

sexually transmitted paratrachoma . The classic, potentially

blinding disease of developing countries, hyperendemic or endemic

trachoma, is spread by eye-to-eye transmission of several known

strains of t rachomat i s ,

The sexually transmitted strains of C . t rachomat i s , different

from the blinding strains, can also infect the eye and cause a

disease that closely resembles the early inflammatory phase of

endemic trachoma. While the mild cases of this conjunctivitis are

usually called inclusion conjunctivitis, the term "paratrachoma"

applies to the whole spectrum of eye disease with sexually

transmitted chlamydiae. These sexually transmitted chlamydiae also

infect newborns, causing conjunctivitis, pneumonia, and

gastrointestinal infection. While these sporadic eye infections

rarely lead to visual impairment, the pneumonia in infants and

genital tract disease in adults are important health problems.

Communities with blinding endemic trachoma often have annual

epidemics of bacterial conjunctivitis that are clearly associated

with increased numbers of flies that feed on ocular secretions.

This acute purulent conjunctivitis appears to be an important

factor in producing blinding trachoma in a community.
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Pi agnos 1

s

To identify individual cases at least two of the following

2
signs must be present :

1. follicles in the upper tarsal conjunctiva

2. limbal follicles or their sequelae, Herbert's pits

3. typical conjunctival scarring

4. vascular pannus, more marked at the superior limbus

Once the presence of trachoma has been established in a

community, the presence of one of these signs in an individual is

sufficient to establish the diagnosis in surveys designed to

measure endemicity. In surveys, however, it is important to

distinguish active infectious trachoma, characterized by lymphoid

follicles, from healed cases with only the scarred fibrous tissue

findings. The prevalence and intensity of active, infectious

trachoma determines the need for antibiotic treatment. The

prevalence and degree of lid scarring indicates the need for

surgical intervention.

The conjunctiva lining the inner surface of the upper lid has

been selected as an accurate index of trachomatous inflammation in

the eye as a whole. A classification of inflammatory disease in

individual cases has been developed that is based on the scoring

of lymphoid follicles (F) and papillary hypertrophy (P). This

intensity scale consists of four categories:
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Intensi ty Key Sign

Severe
Moderate
Mi 1 d

Trivial

P3
F3
F2

FO or Fl

It possible to distinguish a community with blinding trachoma

2
from one with nonblinding trachoma. A community with blinding

trachoma can be recognized by the presence of persons with severe

visual loss due to corneal opacity and a substantial prevalence of

potentially disabling trachomatous lesions, particularly

trichiasis (inturned eyelashes) or entropion (infolding of the

eyelid margin). These irreversible changes appear as the long-term

outcome of prolonged or recurrent inflammatory disease of moderate

or severe intensity. Communities with nonblinding trachoma may

have a low prevalence of potentially blinding lesions (e.g.,

marked conjunctival scarring), and do not have a substantial

1 2
prevalence of trachomatous visual loss. '

Pathogenes i s

Infectious trachoma is characterized by the presence of

lymphoid follicles beneath the conjunctival epithelium. Between

the lymphoid follicles, the conjunctiva is heavily infiltrated by

inflammatory cells, for the most part lymphocytes. In mild cases

the follicles regress leaving no scar. In more severe cases the

follicles may become necrotic, leaving a small scar, or more

severe degrees of conjunctival inflammation may lead to more

40



extensive scarring. Even after the active i nf 1 ammator^r phase is

resolved, the scars continue to shrink, causing the lid margin to

contract and the lashes to turn in.

Although corneal epithelium may not be directly infected by

the chlamydial agent, there are focal infiltrations of

inflammatory cells in the cornea during the active inflammatory

disease. These small corneal infiltrates induce neovascularization

and scarring of the cornea. Through this process, a very

superficial f i brovascul ar membrane or vascular pannus extends

outward onto the surface of the cornea. The superficial

vascularization on the cornea extends as an even border, usually

at least twice as wide at the upper limbus than at the lower

1 i mbu s .

The major potentially blinding lesions of trachoma are

associated with deformation of the lids, particularly the upper

lid, with trichiasis (misdirection of individual lashes) and

entropion (inturned lid margin). The corneal-conjunctival border

(limbus) may be marked by the formation of follicles which leave

Characteristic depressions, Herbert's pits, which are diagnostic

indicators of trachoma.

The severe scarring of the conjunctiva may lead to defects in

lid closure and damage to the goblet cells and tear glands. This

combination of exposure and disordered tear function disrupts
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normal protective mechanisms of the cornea and predisposes the eye

to traumatic and secondary infective damage.

In summary, the blinding lesions of trachoma are severe

conjuctival scarring, inturned eyelashes, and corneal scarring

which result from severe or moderate intensity inflammatory

4trachoma in childhood. While these blinding lesions occasionally

occur in childhood, they are more generally observed in adults as

a result of longstanding fibrous tissue changes.

Trachoma transmission occurs by direct or indirect contact

because chlamydial infection is limited to the mucosal surfaces of

humans. In communities where trachoma is prevalent, there is often

inadequate disposal of human and animal wastes which contributes

to an increase in the fly population. These flies feed on the

ocular and nasal discharges of children, and rapidly transfer

infectious material to the eyes of other children of the same

f ami 1 y .

Children with ocular trachoma also harbor C. trachomatis in

5
their upper respiratory and gastrointestinal tracts. It is quite

probable that transmission also occurs indirectly by respiratory

droplets or fecal contamination of items used by several family

members such as clothing and towels.

There are no extra-human reservoirs of trachoma and the

trachoma-causing pathogen survives poorly in the environment
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outside the human host.

Magnitude of the Problem

Potentially blinding trachoma affects 300 to 400 million

people, especially in the arid areas of third-world countries.

There are probably six million people who are blind due to

trachoma, and as many as five times that number with some visual

disability. This contagious disease is a significant health

problem in parts of Africa, the Middle East, and the drier regions

of Southeast Asia and the Indian subcontinent. There are small

foci of blinding trachoma in Latin America, Australasia, and the

Pacific Islands, Milder forms of trachoma that do not progress to

blindness occur in these areas as well as in most of the drier

subtropical and tropical countries. With rising living standards,

trachoma has disappeared in North America, Europe and Japan, and

is uncommon in affluent urban communities of developing countries.

In heavily endemic communities almost all children are

infected by the age of one or two years; the active infection

begins to decline by adolescence.^ Some adults, however, continue

to have signs of active disease, usually those who have contact

with young children. Young children with active disease are thus

the main reservoir of trachomatous infection in endemic

1 4communities. '

Active infectious trachoma disappears rapidly with even

modest economic development, but inturned eyelids needing surgical
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correction continue to appear for man^ >ears in aaults who had

severe disease in childhood.

Control Programs

The primary objective of public health programs for the

control of trachoma is the prevention of blindness. Programs to

control trachoma should include drug therapy to reduce active

inflammatory disease and surgical intervention to correct lid

def ormi ties.

Antibiotic treatment may substantially and rapidly reduce the

prevalence of the inflammatory disease. It is essential to

maintain a surveillance system for many years because new cases of

trichiasis/entropion continue to appear for a generation after

active inflammatory disease has been controlled in communities

that once had widespread potentially disabling scarring.

Antibiotic treatment

In communities with severe blinding hyperendemic trachoma,

the objectives of antibiotic therapy are: (1) reduction in the

intensity and prevalence of disease in the community, thereby

lowering the incidence of blindness; and (2) reduction in the

transmission of infection.

Tetracyclines, erythromycin and certain other macrolides,

sulfonamides, and rifampicin are effective in treating active

trachoma. At present, topical tetracyclines (eye ointments or
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suspensions) are the recommended preparations for large-scale

2treatment of trachoma. The route of application, choice of drugs,

and schedule of administration remain the subjects of continuing

investigations.

Trachoma control programs are based on the mass application

of locally applied antibiotics. Initial, intensive, large-scale

chemotherapy should reduce the ocular reservoir of C h 1 amy d i a in

the population and should be followed by intermittent,

family-based topical treatment to control further eye-to-eye

transmission. Because there is an extraocular reservoir of £.

t rachomat i s , there may be a justification for the use of systemic

drug therapy in selected cases.

WHO guidelines for trachoma control recommend that for

communities with more than 20 percent active trachoma in children,

mass application of topical antibiotics be extended to the entire

community. This can be carried out either twice daily for 60

consecutive days (an impractical public health measure) or

intermittently, twice daily for five consecutive days each month

for six consecutive months.

In communities with endemic blinding trachoma, selective

treatment of severe or moderate intensity cases with systemic

antibiotics (tetracyclines or erythromycin) can be carried out as

an adjunct to topical treatment, if adequate medical supervision
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to monitor the drug administration is available. In communities

with less than five percent active trachoma and sporadic cases in

children, topical treatment should be carried out on a selective

basis and the ointment distributed to affected families.

At present, WHO recommends the use of systemic antibiotics

for those whose trachoma is of severe or moderate intensity/. This

"selective" therapy involves disease screening of the affected

population and assumes that children treated with oral drugs can

be monitored for side effects. Recent studies in Tunisia indicate

that for older children ( 6 to 8 years), the administration of

oral doxycycline in combination with the ointment, using the the

intermittent topical treatment schedule, is significantly better

than the ointment alone in reducing trachoma intensity. Although

oral erythromycin is recommended for use with younger children, it

has the disadvantage of having to be administered four times

daily. The use of doxycycline or other tetracyclines has been

suggested for young children with severe intensity trachoma. The

oral sulfonamides are considerably cheaper and some forms may be

given once a day, but these drugs have an unacceptably high rate

of untoward reactions, some of which can be very serious,

sometimes even fatal. It is therefore difficult to justify oral

sulfonamides because other effective drugs are available.

Su rgery

The surgical corrections of trichiasis, entropion, and lid

deformities have immediate impact on preventing blindness. These
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simple procedures can be carried out within the affected

communities by trained auxiliary health workers, general

physicians, or ophthalmologists.

Long-term control of blinding trachoma depends on improving

the environment, such as providing household water, improving

waste disposal, reducing household crowding, and identifying and

controlling breeding sites of eye-seeking flies. Long-lasting

results also are dependent on overall economic development.

Mi c robi ol ogy

Diagnostic laboratory tests are not essential components of

trachoma control programs. However, they may be used for a number

of reasons: (1) to support the clinical diagnosis of the disease

in individual cases; (2) to measure the prevalence of the

etiologic agent in a community where trachoma is endemic; (3) to

monitor individuals or communities in order to determine the

effect of therapy; (4) to estimate the total exposure of a

population to chlamydial infection; (5) to monitor for shifts in

serotypes in a given population that might indicate the influx of

an etiologic agent from outside the community or possible

transmission of nonocular serotypes. Since there are only a few

laboratories with well-trained personnel and easy access to a

population with blinding trachoma, most data have been obtained

from transportable specimens such as smears, serum, or tears

rather than isolating the pathogen in tissue cultures.
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Trachoma agent cannot be identified in all cases of

clinically active trachoma. Even in severe intensity cases

chlamydial inclusions are found in only 50 to 60 percent of

specially stained conjunctiva smears, still less often in moderate

cases (10% to 20%), infrequently in mild cases (less than 5%), and

very rarely in clinically inactive cases. '^''^ More sensitive tests,

such as fluorescent antibody staining or isolation techniques,

yield somewhat higher rates of ocular infection, particularly

4
among moderate and mild cases. Extraocular chlamydial infection

can only be studied by isolation methods. Studies in Egypt have

demonstrated that the trachoma agent can be recovered from

5
nasopharyngeal and rectal swabs.

Tests to measure serum and tear antibodies appear to be of

limited use as an epidemiologic tool in trachoma. Up to 75 percent

of children with trachoma in an endemic area have serum

antibodies; the degree of the antibody response corresponds

broadly with the intensity of disease.^ While it is more

acceptable to obtain tears in endemic trachoma areas, tear

antibodies are not found in all individuals with serum antibodies;

moreover, the patterns of anti chl amydi al tear antibody appear to

reflect blood levels rather than a specific formation in the

lacrimal gland but may be a measure of conjunctival inflammation.

In contrast, the measurement of IgM antibodies in newborns is a

useful technique to demonstrate chlamydial infection of neonates

with pneumon i a .

^
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Research on antibodies and antigens have increased our

understanding of" the body's response to chlamydial infection.

Findings have led to the production of monoclonal antibodies

against each of the C trachomatis serotypes and all chlamydiae.

Antisera may be of particular use for identifying the trachoma

agent in clinical specimens.

The humoral immune response in trachoma has been better

studied than eel 1 -medi ated immunity. Because local customs often

make it difficult to obtain permission to collect blood in

communities with endemic trachoma, antibody levels in tears (eye

secretion) have been evaluated more extensively than secretions at

other sites infected with chlamydiae.

Recent evidence suggests that the prospects of a successful

trachoma or anti chl amydi al vaccine are better today than in the

recent past and will likely be reconsidered for trachoma control.

Observations in animal studies and clinical observations in humans

have made it possible to identify immunizing antigens, which means

that a subunit vaccine using purified protein antigens could be

tested in laboratory animals.

Although naturally occurring trachoma confers no immunity to

recurrent disease, immunization as a method of prevention and

treatment of the established disease has been explored by several

9-11
groups. Experiments in primates showed that parenteral
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immunization with live or dead vaccines could induce some

resistance to infection of the eye but that this immunity was

partial and could be overcome by a higher inoculating dose of the

trachoma agent. Since some immunized monkeys developed

conjunctival scarring and corneal vascularization with repeated

experimentally induced infections, researchers at the University

of Washington, Seattle, have suggested that hy pe r sen s i t i z at i on can

be produced by immunization, which actually makes the disease

worse. Many of the present studies on infection and immunization

with C_j_ t rachomat i s in both primates and guinea pigs are intended

to elucidate the immune mechanisms to Chi amy d i a so that a more

efficacious vaccine can be developed.

RESEARCH

Summary of Current Research

Although trachoma is considered to be one of the important

causes of blindness in the world, there are relatively few

centers carrying out active research. Trachoma research

receives insufficient funds to adequately address a blinding

disease of its magnitude. The centers engaged in trachoma researh

are :

1. Francis I. Proctor Foundation
for Research in Ophthalmology
University of California
San Francisco, California
San Francisco, California
Investigators: Chandler Dawson and Julius Schacter
Areas of Investigation: Field studies of blindness
trachoma including epidemiology, therapy trials,
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microbiology, and immunology in human populations. The
laboratory carries out a wide-range of basic and applied
research on chlamydiae.

2. Institute of Ophthalmology
Moorfields Eye Hospital
London , England
Investigators: Barrie Jones, Sorhab Darougar, and John
Treharne
Areas of investigation: trachoma in Iran and elsewhere

3. International Center for Epidemiologic
and Preventive Ophthalmology
Wilmer Ophthalmologic Institute
Johns Hopkins School of Hygiene and Public Health
Baltimore, Maryland
Investigator: Hugh R. Taylor
Areas of investigation: development of a model of human
trachoma in monkeys; therapeutic trials in Mexico.

4. Medical Research Council (U.K.) Laboratory
Gambia, Africa
Investigator: R. Mabey
This laboratory was originally set up in the 1960s and
had recently begun activities again under Dr. Mabey.

5. University of Washington
Seattle, Washington
Investigators: Thomas Grayston, King K. Holmes, and Sam
Pin Wang
Areas of Investigation: microbiology of the chlamydiae;
sexually transmitted chlamydial infections.

Several laboratories are conducting research on sexually

transmitted chlamydial infections or on various biological aspects

of the chlamydiae, but do not carry out studies directly related

to trachoma.

In the Uni ted States

:

1. Rocky Mountain Laboratories
National Institutes of Health
Investigator: Harlan Caldwell

2. University of Massachusetts
Amherst, Massachusetts
Investigator: Bruce MacDonald
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3. Downstate Medical Center
Brooklyn , New York
Investigator: William McCormack

4. Centers for Disease Control
At 1 ant a , Georgi a

Investigator: E. Russel Alexander

5. University of Chicago
Department of Pediatrics,
Investigator: Marc Beem and Evelyn Saxon
Delineated the pneumonia syndrome
in newborns infected with chlamydiae

6. Vancouver General Hospital
Vancouver, British Columbia,
Canada
Investigator: William Bowie

7. University of North Carolina,
Chapel Hill, North Carolina
Investigator: Priscilla Wyrick

8. University of Arkansas
Little Rock , Arkansas
Investigator: Almen Barron

9 . Uni vers i ty of Texas
San Anton i o , Texas
Investigator: Dwight Williams

In Europe and elsewhere:

10. University College, Hospital London
Department of Geni to-Uri nary Medicine
London , Engl and
Investigator: J. David Oriel

11. Public Health Laboratory
Manchester, England
Investigator: Shirley Richmond

12. Clinical Research Centre
Harrow, Middlesex
Engl and
Investigator: D. Taylor-Robinson

13. Royal Liverpool Hospital
Li verpool , Engl and
Investigator: Derick Hobson

14. University of Lund
Sweden
Investigator: Per-Anders Mardh and Lars Westrom

52



15 . Antwerp , Bel gi urn

Investigator: Peter Plot

16. Amiens, France
Investigator: Jean Orfila

17. Melbourne, Australia
Investigator: Doris Graham

Recent Findings

Highlighted below are some important research findings:

. Strains of t r achomat i s isolated from endemic
trachoma cases are almost always serotypes A,B, and C;
those from sexually transmitted infections are almost
always D through K

. Giemsa staining of the conjunctiva smears is as
sensitive as isolation of immunofluorescent staining
for demonstrating chlamydial eye infection

. Cell isolation is the most practical technique for
demonstrating nonocular chlamydial infections

. In Egypt at least 15 percent of young children
examined in a rural health clinic have chlamydial
infection in the eye, throat or rectum; 60 percent of
these children have an episode of chlamydial infection
during the first year of life

. Patterns of IgG and IgA antichlamydial tear antibodies
appear to reflect blood levels rather than a specific
formation in the lacrimal gland

. A purified protein antigen, common to all C

.

t rachomat i s , has been identified; antisera will react
to all t rachomati s serotypes

. Serum antibodies are found in 80 percent of persons in

endemic communities but the level (titer) of
antibodies appear to increase in patients with more
severe disease intensity; the prevalence of tear
antibodies increases as disease intensity increases

. Resistance to trachoma reinfection in guinea pigs and
mice depends upon the maintenance of high levels of
circulating antibodies

. Resistance to trachoma eye infections in primates can
be induced by live or dead ant i chl amydi ae vaccines
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Research Gaps

Despite new knowledge in the field of trachoma, we need to

learn more about:

. Factors that distinguish a community prone to blinding
trachoma from one with nonblinding trachoma

. Immunopathogenesi

s

. The role and effects of long-acting systemic
antibiotics on the control of trachoma

. The role of topical corticosteroids in enhancing
corneal ulcer development

Because treatment with antimicrobial drugs is the primary

means to suppress the active infectious phase of trachoma, there

is a need to develop inexpensive diagnostic methods to improve

early detection of ocular and extraocular chlamydial infection,

and diagnostic aids for detection of eyelid deformities to be used

by field workers

.

Recommendations for Further Research

Research priorities suggested by the Expert Committee include:

1. Identify environmental and other risk factors leading
to blinding trachoma; devise, implement, and evaluate
intervention strategies that effectively address
these factors

2. Develop and field-test more effective
chemotherapeuti c agents and evaluate alternative drug
del i very model

s

3. Evaluate the importance of extraocular chlamydial
infections in the persistence of blinding trachoma in
endemic areas as well as their contribution to other
forms of morbidity

4. Study immunopathogenesi s that would make possible the
development of a vaccine
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XEROPHTHALMIA AND MEASLES-ASSOCIATED BLINDNESS

Background

One of the oldest recorded human afflictions, xerophthalmia

remains a major clinical and public health problem. An easily

treated disease, this nutritional disorder affects the most

economically disadvantaged populations of the developing world.

More than half a million children are blinded by this disease each

year. It ranks among the five most common nutritional

deficiencies.

Et i o1 ogy

Xerophthalmia, also known as nutritional blindness, results

from inadequate consumption of vitamin A, which is needed for

proper maintenance of e p i t h e 1 i a 1 - 1 i n ed tissues throughout the

body. The eye is especially sensitive to vitamin A inadequacy.

Xerophthalmia, often in association with chronic undernutrition,

is exacerbated by the fact that children in developing countries

receive most of their vitamin A from carotene-rich foods (fruits

and vegetables) that are less efficient in providing vitamin A

than foods (liver, and dairy products) that contain the preformed

vitamin, and they have increased requirements for vitamin A

because: frequent bouts of diarrhea and worm infestation decrease

absorption of vitamin A; repeated respiratory tract infections and
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other febrile illnesses increase metabolic demands for vitamin A;

and generalized, chronic malnutrition, especially protein

deficiency, interferes with storage and utilization of vitamin A.

In most settings in which xerophthalmia is prevalent, all of these

factors are present, usually in preschool -age children of rural,

lower socioeconomic families. Preschoolers are therefore at

greatest risk of blinding xerophthalmia.

The cause of measl es -associ ated blindness, particularly as it

occurs in Africa, is less certain. No doubt a significant

proportion of nutritional blindness is precipitated by measles

because it induces a marked metabolic stress. In one common

scenario, a child of borderline vitamin A and nutritional status

develops severe measles. Increased metabolic demands and cultural

attitudes that dictate withholding solid foods from a child with

measles (or with diarrhea) lead to a general fall in nutritional

status. This nutritional deterioration may culminate, after two to

four weeks, in marasmus (caloric malnutrition), kwashiorkor

(protein-energy malnutrition), and keratomal aci a (melting of

corneal tissue). The latter is clinically characteristic of

blinding xerophthalmia. In other, less common instances the

corneal destruction appears within one week or less of the onset

of the measles rash.
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While measles is clearly an important precipitating cause of

xerophthalmia in some Asian and African children, the precise

magnitude of its contribution is unkown. The proportion of

measles-associated blindness in Africa that is linked to

underlying malnutrition is similarly uncertain. A recent report

from northern Nigeria suggests that in some cases, at least,

herpes simplex virus is present in the corneal ulcers. Whether

herpes simplex is secondary to measles in association with

non -nu t r i t i ona 1 factors, or is an intermediary phenomenon in the

presence of vitamin A deficiency and general malnutrition, is

unclear. Meas 1 es - re 1 a t ed blindness in Africa has also been

attributed to the use of folk remedies which may have harmful

effects. This has not been well documented and its significance to

the total problem of measles-associated blindness is unknown.

Pi agnosi s

Xerophthalmia is diagnosed by the presence of one of its

classical manifestations, especially in preschool children: night-

blindness that rapidly responds to administration of vitamin A;

dryness or xerosis of the conjunctiva or cornea; corneal

ulceration; or extensive corneal necrosis ( keratomal aci a ) . The

diagnosis is usually straightforward. However, if a secondary

infection intervenes, the eye becomes inflamed and the vitamin A

deficiency-induced corneal lesions can be mistaken for a primary

bacterial infection. In almost all instances, the diagnosis can be

confirmed by the reasonably rapid response to vitamin A therapy.
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Measles-associated corneal destruction is similar in

appearance to the corneal lesions of nutritional blindness.

Because ocular inflammation ordinarily accompanies measles,

xerotic changes are hidden or reversed, making proper diagnosis

difficult. Moreover, because of the sudden deterioration in

vitamin A status accompanying measles, corneal necrosis can

precede the appearance of milder xerotic changes and

nightblindness

Pathogenes i s

Vitamin A is necessary for proper differentiation of mucus-

secreting epithelial tissues of a wide variety of organs including

the eye and the respiratory, genitourinary, and intestinal tracts.

In the absence of vitamin A, these epithelial structures become

keratinized. Keratinized epithelium provides a culture medium for

bacteria. This may contribute to subsequent corneal ulceration,

keratomal aci a , and blindness, and to the respiratory and urinary

tract infections that are frequent in xerophthalmic children.

As noted, the pathogenesis of measles-associated blindness is

uncertain. Anecdotal reports suggest that: most children who

develop measles-associated blindness are malnourished; early

administration of vitamin A may prevent the development of

measles-associated blindness; and herpes virus may play an

important role. The temporal nature of the development of

measles-associated blindness strongly suggests a nutritional
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eti ol ogy--bl i ndness occurs within two to four weeks following the

onset of meas 1 es

.

Risk Factors

Any factor that reduces vitamin A intake, absorption, storage

or transport, or that increases the metabolic need for vitamin A,

will contribute to or precipitate xerophthalmia. Wei 1 -documented

risk factors, which vary in their importance, include diarrhea,

respiratory tract infection, worm infestation, childhood exanthems

(measles, chickenpox, etc.), tuberculosis, and perhaps most

importantly, generalized malnutrition and diets deficient in

vitamin A. Findings from recent studies indicate that children

with diarrhea are at 13 times the risk of corneal xerophthalmia as

children without diarrhea; that measles might well precipitate 20

to 50 percent of cases of blinding xerophthalmia in Indonesia; and

that children with moderate to severe generalized malnutrition are

at 20 to 40 times the risk of having corneal disease as those who

are better nourished. Children who are breastfed are at least

eight times less likely to develop xerophthalmia than children who

are not. In fact, during the second year of life, as much as 70

percent of the cases of xerophthalmia might well be related to the

absence of breastfeeding. In addition, children with xerophthalmia

are far less likely to have consumed beta-carotene-rich fruits,

such as mango and papaya, during the second through third years of

life, or carotene-rich dark green leafy vegetables from the third

through fifth years of life, than their non-xerophthal mi

c
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counterparts

.

Other than malnutrition and atypically severe measles, with

accompanying diarrhea, and mouth ulcers, risk factors have not

been identified for the development of measles-associated

blindness.

Morbi di ty

The commonest, though mildest form of major ocular morbidity

associated with xerophthalmia is nightblindness, the earliest of

the vitamin A deficiency manifestations. Nightblindness prevents a

child from finding his food or moving around the house or village

after dark. With the development of corneal xerosis

( kerat i ni zati on and dryness) day vision is decreased as well, and

the child becomes sensitive to light. As in the case of night-

blindness, this is entirely reversible when treated with high-

potency vitamin A. With more severe lesions, notably corneal

ulcerations, there is permanent structural alteration of the

cornea. Healing is facilitated by prompt and effective treatment,

principally large doses of vitamin A. If the initial ulceration is

small, and as is commonly the case, peripheral, the child retains

normal vision. If the ulcer is large or central, or if there is

full thickness and extensive corneal necrosis ( keratomal aci a ) ,

sightislost.

Preliminary data suggest mild vitamin A deficiency may have
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systemic consequences: growth retardation, interference with

immune competence, and as a consequence, increased frequency and

severity of infections. Children with advanced corneal

xerophthalmia and severe vitamin A deficiency have an extremely

high mortality rate (13-80 percent). Most who die are severely ill

and malnourished. An important determinant of mortality is

malnutrition, but blindness itself may contribute to the problem

since blind preschoolers cannot effectively compete with their

better sighted peers for limited resources. Data from a recent

field study raise the prospect that children with mild vitamin A

deficiency, an extremely prevalent condition, may have a mortality

rate four to eight times that of their non-vitamin A deficient

peers .

Morbidity associated with measles blindness is similar but

compounded by the consequences of severe measles.

Magnitude of the Problem

Extrapolations from reliable prevalence and incidence data

available from Indonesia suggest that at least five million Asian

children develop clinically detectable xerophthalmia each year. Of

this number, ten percent (half a million children) develop

potentially blinding corneal involvement. Fifty percent of these

youngsters, or 250,000, are blinded in both eyes. While

xerophthalmia is prevalent throughout larger countries of Asia,

especially Indonesia, India, Bangladesh, and the Philippines (upon

which the above calculations are based), it is also known to exist
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in pockets in China, Thailand, Malaysia, and quite likely much of

Southeast Asia. Smaller pockets of xerophthalmia exists in the

Caribbean, Central and South America (El Salvador, Guatemala,

Brazil) and the South Pacific. While cases of xerophthalmia have

been repeatedly observed throughout Africa, the exact size of the

problem is unknown. Anecdotal reports suggest that the major cause

of pediatric blindness in Africa is measles-associated corneal

destruction. Should it turn out that this is merely a

manifestation of nutritional blindness, then the total number of

new cases of nutritional blindness tach year might well be a

bigger problem in Africa than in Asia.

Given the limited nature of available worldwide data, it is

impossible to develop precise estimates of the total number of

children with xerophthalmia. It is reasonable to suspect that the

five million preschool-age Asian children who develop

xerophthalmia every year represent 50 percent of the total number

of children throughout the developing world with this disease. Of

this estimated ten million, more than half a million children lose

their sight every year. A far greater number are visually

i mpai red .

General Trends

By the Second World War, xerophthalmia had largely

disappeared from many areas in which it had once been prevalent,

including Denmark, Russia, Hong Kong, and Singapore. In some
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areas, such as India and Indonesia, xerophthalmia remains endemic

despite a mild to moderate rise in socioeconomic and general

health status. In other areas of the world, most notably* Africa,

the disease has affected large numbers of people in areas in which

it had been previously unknown. In Zaire, for example, this

development was secondary to a general decline in nutritional

status concomitant with discontinued use of red-palm oil, a potent

source of beta-carotene. Thus, while the disease has largely

disappeared from the developed or recently developed areas of the

world, its magnitude and severity is rapidly increasing in larger

developing countries.

Measles remains an important cause of blindness throughout

Africa, despite an expanded immunization program. The problem

largely lies with the instability of the measles vaccine, and the

logistical and bureaucratic problems of immunizing the high-risk

population. Valid figures are not available on trends in

measles-associated blindness, but it is still the single largest

cause of blindness in schools for the blind, sometimes accounting

for 80 percent of all enrolled children.

Treatment

The treatment for xerophthalmia is to rapidly replenish

vitamin A stores by the oral administration of large doses

(200,000 I.U.) of vitamin A on two successive days, and an

additional dose one week later. Treatment also includes correcting
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underlying protein-energy malnutrition and systemic infections.

Response to treatment is determined entirely by the amount of

damage present before treatment began: nightblindness will

disappear within 24 hours; conjunctival and corneal xerosis,

corneal ulceration and localized necrosis will all begin to

respond within two to three days. When the necrosis is extensive,

involving the entire cornea, the eye cannot be saved.

Optimal treatment for measles-associated corneal involvement

is as yet undetermined since the etiology is unclear. Certainly a

child should receive massive doses of vitamin A and treatment for

any underlying systemic infections or malnutrition. Topical

antibiotics and antiviral agents might also prove beneficial.

Prevention and Control

Given our present understanding of these diseases, and with

continuing research into strategies for vitamin A delivery,

measles immunization, and community-based nutrition education,

more effective prevention and control programs can be mounted.

Unfortunately, however, limitations in funding, inadequate health

infrastructures, less than total commitment, and cultural

resistance restrict the prospects for eradication. For example,

universal immunization could theoretically reduce nutritional

blindness by 25 to 50 percent and most, if not all, measles

blindness. To date, no country anywhere in the world has even

approached universal coverage, although the United States has been
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the most successful. These problems, compounded by the lack of a

good heat-stable vaccine, make extensive protection of the target

popul ation unl i kely .

Prevention and control of xerophthalmia can be achieved

either by increasing vitamin A intake or reducing vitamin A needs.

The former has been long considered the more practical strategy

with three potential mechanisms at hand: (1) periodic distribution

of high-dose vitamin A (200,000 lU every six months); (2)

fortification of some commonly consumed item with vitamin A; or

(3) institution of nutritional education programs that would boost

consumption of available dietary sources.

Periodic distribution of high-dose vitamin A is the most

widely practiced intervention measure. Hospi tal -based studies and

theoretical considerations (not demonstrated in the field) suggest

that if the high-risk children were to receive a massive dose of

vitamin A, over 90 percent would be protected from developing

blinding xerophthalmia for the subsequent six to ten months. While

the cost of the massive dose is small, two to four cents per dose,

the cost of delivery can be considerable. Public health programs

of this sort reach a maximum of 60 to 80 percent of the target

population. Those at highest risk are usually missed for a variety

of reasons, among them inaccessibility, cultural attitudes, and

lack of awareness

.

Experience has shown that unless distribution can be
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incorporated into an established, widely utilized health care

delivery system, enthusiasm for bi-annual capsules administration

wanes and coverage drops precipitously after one to two years. An

alternative to this scheme is targeted distribution, where

activities are focused on children with mild xerophthalmia or

children residing in high-risk communities. The drawback to this

delivery system is that it neglects the very large number of cases

more widely scattered through the population at large.

Fortification is, at least theoretically, inexpensive and

simple by comparison. It has been practiced successfully in

Guatemala, for example. Unfortunately, political and technological

problems are often serious obstacles, and many countries do not

have a suitable food that is centrally processed and widely

consumed by the target population.

Increasing consumption of natural dietary sources is the most

obvious, and probably least expensive, long-range solution to the

problem. It requires, however, an understanding of existing

constraints and ways likely to encourage greater consumption of

appropriate foods. As yet, none of the noncommercial techniques

tried have been successful in significantly changing dietary

habits. In some areas where xerophthalmia is a problem, it is

assumed, but unproven, that natural dietary sources of carotene

are not readily available. In some areas examined, this has proved

not to be the case. Clearly, efforts must be made to determine the
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presence or absence in other areas as well.

Xerophthalmia prevention and control also may be accomplished

b^ reducing contributory factors: providing safe water supplies to

reduce the rate of diarrhea, making available better housing and

clothing to reduce the rate of respiratory infection, and

immunization to reduce the risk of measles. Given limited economic

resources, only the latter appears to be a practical solution.

As the etiology of measles-associated blindness is as yet

unclear, effective control is limited at present to the

possibility of measles immunization.

Research

Summary of Current Research

The past ten to twenty years have witnessed major strides in our

knowledge of the biochemistry of vitamin A. However, most of the

current research is now targeted toward the role of vitamin A in

cancer rather than in xerophthalmia. Recent and ongoing studies,

primarily in India and Indonesia, have shed light on the

pathogenesis of xerophthalmia, the contributory and risk factors,

and the environmental milieu in which the disease arises. The

major issues presently being addressed include the following:

. Development and testing of new biochemical and
clinical techniques for detecting the presence of mild
or subclinical vitamin A deficiency in a population
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. Evaluating the role and mechanism of measles and other
risk factors in the development of corneal destruction
in nutritional blindness

. Further elucidating the pathogenesis of corneal
melting and destruction in vitamin A deficiency

. Determining whether periodic mass- dose
supplementation can reduce the rate of nutritional
bl i ndness

. Evaluating the impact of vitamin A deficiency on
associated systemic conditions: immune competence and
resistance to infection; growth; and mortality

The following is a list of research activities known to be under

way at institutions with a major commitment in the area of

nutritional and measles-associated blindness. It is in no way

al 1 -i ncl usi ve .

1, Nutrition Research Center, Hyderabad, India/National Eye

Institute, Bethesda, Maryland. Principal Investigator/India:

Vinodini Reddy; Principal Investigator/NEI: Roy Milton (with the

biochemistry component directed by Barbara Underwood). At least

four collaborative studies are under way, including the following:

a. The impact among urban slum children of periodic
vitamin A supplementation on the number of cases of
corneal xerophthalmia presenting to the local
hospi t al

s

b. An evaluation of a new biochemical test, the
"relative dose response," as a means of identifying
children or populations with moderately depleted
vitamin A stores before the development of frank
def i ci ency

c. The interaction between measles, vitamin A status,
and corneal involvement

d. The pathogenesis, on a cellular level, of corneal
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melting in vitamin A deficiency

2. The International Center for Epidemiologic and Preventive

Ophthalmology of the Wilmer Ophthalmologic Institute and the Johns

Hopkins School of Hygiene and Public Health; Principal

Investigator, Alfred Sommer. The following studies are under way

in Indonesia in collaboration with the Directorate of Nutrition

(Pak Tarwotjo), the National Center for Health Research and

Development (Loedin and Muhilal), and Helen Keller International

(Robert Ti 1 den )

:

a. Longitudinal, controlled clinical trial of the
impact of vitamin A supplementation on the
development of nutritional blindness, mild
xerophthalmia, growth, systemic infections, and
mortality; identification of constraints to
distribution (e.g., what differentiates those
children who were supposed to receive vitamin A and
who did not, from those who actually did)

b. The cost-effectiveness of using alternative means
of packaging and delivering high-dose vitamin A

(multi-dose bottles versus single-dose gelatin
capsules)

c. Evaluation of a positive history of n
i
ghtbl i ndness

as a screening and diagnostic tool for early
vi tami n A def i ci ency

These three studies are supported by the equivalent of

$200 , 000/ $300 , 000 a year from the Indonesia Ministry of Health;

$150,000 year and a full-time professional from Helen Keller

International; and by the staff and general vitamin A blindness

prevention funds from the International Center for Epidemiologic

and Preventive Ophthalmology (ICEPO).
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ICEPO studies on the African continent are principally in two

countries: Tanzania and Malawi. The Tanzanian studies are carried

out in collaboration with the Tanzanian Food and Nutrition Center

( Mel ent 1 ema ) ; The Ministry of Health (Mmbaga); and Christoffel

Bl i ndenmi s s i on (Allen Foster and Marilyn Scudder). A similar set

of studies is under way in Malawi in collaboration with the

Ministry of Health (Moses Chirarnbo); the International Eye

Foundation (Larry Schwab and Tifarra Tizzazu); and Helen Keller

International. These studies are supported by the general funds

for control of vitamin A deficiency and xerophthalmia available to

ICEPO; additional grants to WHO for use in Malawi; and funding

from the International Eye Foundation and the Royal Commonwealth

Society for the Blind:

d. A hospital and field-based study in Tanzania and
Malawi to elucidate the relationships among measles,
nutritional status, infections, and use of
traditional medicines in measles-associated blindness

e. Surveillance (Tanzania) and survey (Malawi) to
evaluate the relative importance of xerophthalmia and
measles-associated blindness and contributory
environmental and social/cultural/dietary factors

f. The validity of ni ghtbl i ndness screening as an early
diagnostic tool for mild vitamin A deficiency in
Africa, to be addressed in the field-based survey in

Mai awi

United States-based ICEPO studies are funded by general funds

available to ICEPO for control of vitamin A deficiency and

xeropht hal mi a
;

g. A standardized comparison of the relative strengths
and weaknesses of competing biochemical
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determinations of vitamin A status under varying
environmental conditions to identify the most
appropriate technique for support of field studies
(Agatha Rider)

h. The development and testing, in a rabbit model and in
humans, of a new conjunctival histology technique for
early diagnosis of physiologically significant
vitamin A deficiency (in collaboration with Diane Van
Horn Hatchell at Medical College of Wisconsin,
supported in part by grants from the National
Institutes of Health and the Veterans Administration)

3. Helen Keller International is supporting the following

studies, in addition to the collaborative arrangements

with ICEPO and others noted above:

a. A survey on the prevalence of xerophthalmia in

Bangladesh to evaluate the extent of actual capsule
distribution: Funds from HKI cover operating and
personnel expenses at a cost of approximately
$150,000 per year

.

b. In collaboration with the Ministry of Health and the
National Center for Health Research and Development
in Indonesia, and the Office of Nutrition, USAID,
plans are underway for developing and testing a pilot
nutrition fortification program in Indonesia. USAID
will supply $25,000; Ford Foundation $50,000; and HKI
the balance for a total cost of approximately
$150,000 per year for two years.

4. Basic researchers, primarily in the United States, are

studying the underlying pathogenesis of corneal destruction in

vitamin A deficiency and malnutrition using rat and rabbit models.

The groups involved are:

a. Diane Van Horn Hatchell at the Medical College of
Wisconsin
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b. Ubels at the Medical College of Wisconsin

c. George Wolfe and associates at the Massachusetts
Institute of Technology

5. Several investigators studying the biochemistry of vitamin

A deficiency are interested in developing a means of detecting

mild, subclinical depletion of vitamin A stores:

a. Barbara Underwood at National Eye Institute;
Bethesda, Maryland

b. James A. Olson at Iowa State University; Ames, Iowa

c. De Witt Goodman at Columbia University ; New York,
New York

d. John Glover at University of Liverpool; Liverpool,
Engl and

Recent Findings

The most important recent findings in xerophthalmia research

are outlined in two publications: Control of Vitamin A Deficiency

and Xerophthalmia
,
published by the World Health Organization,

Geneva, in 1982; and Nutritional Blindness: Xerophthalmia and

Keratomal aci a , published in the same year by Oxford University

Press. The most important findings include the following:

Demonstration, in the early 1970s, that periodic
massive dosing with 200,000 lU of vitamin A every six
months prevents development of mild xerophthalmia in
children (Indonesia, India): This paved the way for
the development and institution of large-scale
supplemental distribution programs in India,
Bangladesh, Indonesia, and elsewhere. The
effectiveness of these programs in preventing
blindness, or of even reducing the prevalence of mild
xerophthalmia remains unproven.

Demonstration that oral massive dosing with vitamin A
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is as effective as intramuscular injection of vitamin
A for the treatment of severe xerophthalmia
(Indonesia, 1979): This simplified the means of
vitamin A preparation and administration by utilizing
a uniform medicine and treatment schedule, and led to
modification of the treatment recommended by WHO.
Further, this study outcome suggests that it is
theoretically possible to provide optimal vitamin A
therapy to individuals in need in the remotest areas
without expensive syringes or sterile preparations,
and with less stringent training of health personnel.
These findings provide an impetus for replacing the
widespread but ineffective practice of using
oil-miscible parenteral preparations with oral
massive-dosing techniques.

Demonstration that a history of ni ghtbl i ndness in
young children is an accurate index of vitamin A

deficiency (Indonesia, 1978): This suggests the
possibility that relatively untrained field workers
could identify and treat affected individuals in
communities where vitamin A deficiency is known to
exist. Similar studies now being conducted in
Bangladesh, India, and Africa are arriving at similar
conclusions. It may be possible to teach school
children to search for evidence of nightblindness
among their younger siblings.

Demonstration that Bitot's spots in young children
represent past or present vitamin A deficiency and
are therefore a useful tool for identifying high-risk
communities (India, 1976, Indonesia, 1979): This has
resulted in modification of the WHO diagnostic
criteria for xerophthalmia, and made survey diagnosis
of this disease and the identification of high-risk
communities easier for health paraprof essi onal s .

Demonstration that vitamin A deficiency and
xerophthalmia cluster within families and
neighborhoods (Indonesia, 1979): This suggests the
potential value of targeting vitamin A, health, and
nutrition education to whole communities rather than
to specific individuals with identifiable clinical
disease. A pilot demonstration of this technique is

being conducted in Indonesia and India.

Evidence that measles is an important precipitating
factor in surving cases of nutritional corneal
destruction (Indonesia 1979): This finding has

provided impetus to researchers in India and
elsewhere to re-evaluate what previously had not been
considered an important problem. In addition, the
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potential link between measles and nutritional
corneal destruction has provided an important clue in
understanding the cause of measles-associated
blindness in Africa, and provides a strong argument
for measles immunization in Indonesia.

Demonstration that in at least one country dietary
habits are directly related to the risk of
xerophthalmia, and that these are not due to an
absence of carotene-rich foods from either the
community or the family's cooking pot (Indonesia,
1979): This has suggested the need for re-evaluating
the position that increased dietary intake
necessarily requires increased food production. In

Indonesia, at least, mounting an intensive nutrition
education campaign may suffice.

Identification of herpes simplex virus in corneas of
a substantial portion of children with measles going
blind (MRC Unit, northern Nigeria, 1979): This
prompts a new area of inquiry into the pathogenesis
of measles-associated blindness and the potential
role of immunosuppression, possibly in association
with malnutrition and parisitism. It raises the
question of whether measles-associated blindness in
Africa is merely a manifestation of xerophthalmia.

Demonstration that beta-carotene of green leafy
vegetables is readily absorbed, even by malnourished
children whose diets are low in lipid content (India,
1978): This suggests that increased consumption of
dark green leafy vegetables would prevent
xerophthalmia, even without manipulating general
nutritional status or lipid content of the diet.

Fortification of sugar with vitamin A is feasible on
a national level and results in a generalized
improvement in vitamin A nutriture, even among the
target groups (Guatemala, 1978): Although the results
pertain to one country and one product (sugar), this
demonstration of the practicality of vitamin A

fortification and its ability to reduce the
prevalence of low serum vitamin A levels provides a

stimulus and model for future work.

Massive-dose vitamin A therapy can reverse all but a

tiny proportion of corneal destruction (unless
already complete) (Indonesia, 1979): This
demonstrates that topical bacterial infection does
not significantly contribute to corneal destruction;
despite systemic malnutrition and disease, simple
administration of vitamin A can reverse the process.
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Protein deficiency interferes with vitamin A storage
and utilization, but may be overcome by massive
vitamin A dosing for short duration (Indonesia,
1979): This finding has resulted in alteration of WHO
treatment recommendations, and has encouraged
repeated massive dosing every two weeks until severe
protein deficiency is corrected.

Research Gaps

Major advances in our knowledge of the biochemistry of

vitamin A have been made during the past two decades. Recent

studies, primarily in India and Indonesia, have more clearly

defined the pathogenesis of xerophthalmia, the contributory and

risk factors, and the environment in which the disease arises.

While there is a need to understand more fully the magnitude,

distribution, and local contributory factors of xerophthalmia,

there is a more pressing need to learn more about:

why affected preschool age children do not consume
adequate amounts of vitamin A food sources, particularly
green leafy vegetables

interaction among protein-energy malnutrition, infection
and parasitic infestation, and their effects on vitamin A

metabolism as risk factors of corneal blindness

comparative costs, efficiency, and efficacy of various
vitamin A delivery systems

biochemical and nonbi ochemi cal markers of early vitamin A

def i ci ency

pathogenesis of measles-associated blindness, especially
in Af ri ca

effective ways of educating communities about nutrition
so as to overcome inadequate vitamin A dietary patterns
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Research Pr1 or1 t1 es

Research Imperatives set by the Committee are:

1. Investigate the etiolog^^ and pathogenesis of

measles-associated blindness in Africa

2. Develop more sensitive biochemical and nonbiochemical

techniques for assessing adequacy of vitamin A

nutriture in order to identify persons with mild

vitamin A deficiency who are at increased risk of

corneal destruction, nonocular morbidity, and

mortal i ty

3. Demonstrate comparative effectiveness of vitamin A

supplementation programs: fortification; increased

consumption of green leafy vegetables and other

beta-carotene-rich foods; and nutrition education

4. Identify constraints that affect adequate

consumption of green leafy vegetables by high-risk

p reschool -age children

5. Devise more precise and quantifiable measures to

assess the interaction among p rotei n -ene rgy

malnutrition, infection, and parasitic infestation
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ONCHOCERCIASIS

Background

Onchocerciasis, commonly referred to as "river blindness," is

not an obscure disease of a few small villages in rural areas of

the tropics. It is a serious parasitic disease infecting tens of

millions of people. One million are blind in both eyes as a result

of this disease. In villages where onchocerciasis is widespread,

no less than 40-50 percent of the adult population are blind,

handicapping not only the affected individuals but the community's

agricultural productivity as well.

River blindness, as its nonsci ent i f i c name implies, occurs

near fast-moving rivers and streams. It is widespread in

equatorial Africa, and in parts of Mexico, and Central and South

America. The Volta River, with its tributaries, is the worst

affected area of the world. Onchocerciasis also has been

identified in Yemen and regions southwest of the Arabian

Peninsula.

Rural populations settle in river valleys because of the

availability of water and fertile soil. River valley soil has good

agricultural potential, but all who come in contact with the river

while engaging in fishing and farming activities are bitten by the

disease-carrying flies, sometimes as often as 1,000 times a week.

Children playing by the river are also bitten. The disease process
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starts at an early age and continues unabated for years unless

intervention measures are pursued.

Et i ol ogy

Onchocerciasis is caused by a worm-like filarial parasite,

Onchocerca volvulus , that has a complex life cycle involving

humans and the blackfly of the Si mu 1 i urn species, the transmitter

(vector) of this parasitic disease. The disease is spread from

person to person by repeated bites of infected blackflies that are

found near fast-moving rivers. The parasites, or microfilariae,

are ingested by the female blackfly when it takes a blood meal

from an infected person. Over the course of the subsequent seven

days, these microfilariae develop into infectious larvae in the

body of the fly. When the infected fly takes its next blood meal,

these larvae enter the skin of the human victim. The adult worms

are encased in nodules and the female worms reproduce for as long

as fifteen years. During that time, the adult females release

millions of microfilariae. These microfilariae migrate throughout

the body, invading tissues and organs, particularly the skin and

eyes .

Humans are the only host for the onchocercal parasite. The

adult worms produce nodules; the death of microfilariae produce a

wide variety of lesions including skin changes and ocular

pathology. By far the most important lesions are those of the

eyes, which lead to serious loss of vision and blindness.
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Blindness usually develops as the result of chronic inflammation

in either the cornea, anterior chamber, choroid and retina, or

opt i c nerve .

Unlike some parasitic diseases, the most significant

pathology of onchocerciasis is caused by the microfilariae, not

the adult worm, and the severe manifestations of the disease may

take many years to develop. Generally the severity of a parasitic

disease is directly related to the infestation level of the adult

worms.

Diagnosis

The most common diagnostic method for onchocerciasis is the

examination of microfilariae from a skin-snip biopsy. The skin

snips are examined for living microfilariae that emerge when the

snip is placed in a drop of water or saline solution on a

microscopic slide. The number of microfilariae in the solution is

counted after several hours and is an indicator of the intensity

of the disease.

Pat hogenes i s

Onchocerciasis is a cumulative parasitic disease in that the

clinical manifestations increase with the intensity of the disease

and severity of the infection. These resultant infections produce:

nodules; ocular lesions; itching; skin changes; atrophy of the

skin; and pathology of the lymphatic system. Most of the signs and
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symptoms of onchocerciasis are attributed to the death of the

microfilariae in the tissues. Although living microfilariae appear

to escape detection by the immune system, dead and dying

microfilariae initiate vigorous localized inflammatory reactions.

The progression of chronic inflammation to scarring is thought to

result from mi crof i 1 ari al death, either natural or drug-induced.

Onchocercal eye disease may lead to decreased visual acuity,

constricted visual field, nightblindness, glaucoma, cataracts, and

total blindness. Without questio,,, the major disaoility is

blindness, which frequently develops in young adult males, 15-45

years of age. It is most common in heavily infected individuals,

particularly those with high density of microfilariae in the head

and neck region. The symptoms of onchocercal infection of the eyes

include excessive tearing, photophobia, itching, pain, and

impaired vision. The ocular lesions are: "fluffy" corneal

opacities (punctate keratitis); sclerosing keratitis; anterior

uveitis, with or without secondary glaucoma, and/or secondary

cataract; choroi doret i nal lesions; and optic neuritis.

Microfilariae invade all tissues of the eye, but the presence of

living microfilariae in the cornea is evidence of severe infection

with poor prognosis for maintenance of sight.

Visual impairment from onchocerciasis generally progresses

over a period of several years. However, complete loss of vision

can occur rapidly. When this occurs, it is usually the result of
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secondary glaucoma, or optic neuritis that sometimes results from

drug treatment.

While anterior segment ocular lesions correlate with

microfilariae density, those of the posterior segment do not,

suggesting different pathogenic mechanisms.

Recent investigations of the relationship between ocular

onchocerciasis and glaucoma indicate that increased intraocular

pressure due to severe anterior segment pathology may lead to

blindness. Optic nerve pathology leads to severe visual field

loss.

The early corneal change associated with onchocerciasis,

punctate keratitis, is reversible; chronic corneal scarring,

retinal changes, and optic nerve lesions cause permanent visual

di sabi 1 i ty .

Risk Factors

In order to prevent onchocercal blindness, it is important to

understand the factors that influence the risk of an individual

becoming blind and the factors that contribute to blindness

developing in a community. These factors include: annual

transmission potential which is related to proximity to breeding

sites; occupational and other exposure to blackflies; density of

blackflies; levels of endemicity in the area; and geographic

variations.
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Typically the individuals at greatest risk are males aged 15

to 45 years who live and work closest to the breeding sites of the

blackfly, such as subsistence farmers, fishermen and ferrymen.

Women, too, whose activities bring them in prolonged contact with

the blackflies are at high risk. The prevalence and severity of

the disease increase with advancing age. The worm concentration

increases in an individual with the passage of time.

Mo r b i d i ty

Apart from the skin and eye pathology, it is unclear whether

onchocerciasis produces other systemic effects. The skin lesions

frequently cause severe and persistent itching. The affected areas

of skin become pruritic, dark and thickened. In long standing

onchocercal skin infections, the skin has spotty depigmentation.

Blindness from severe onchocerciasis may lead to premature

mortality in young adults: they sometimes live no more than ten

years after losing their sight because they are unable to work or

provide for themselves. The existence of large numbers of blind

people in a village tends to compound the problem, since it is

less likely that the community can care for them.

Magnitude of the Problem

Onchocerciasis now infects upwards of 50 million people:

several million are visually impaired, while an estimated one

million are totally blind.
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The geographic distribution of onchocerciasis depends on the

distribution of the blackfly vector. Endemic onchocerciasis exists

around blackfly breeding sites. The location of these sites are

determined by topographical and hydrogeographi c characteristics of

the region. Endemic areas exist in tropical Africa, the largest of

which is the Volta River basin. Onchocerciasis also occurs in

Mexico, and Central and South America.

The clinical manifestations and severity of the disease

differ from one geographical region to another; there are even

differences in prevalence between climatic zones within the same

region. In West Africa, for example, blindness is nearly three

times more prevalent in the savanna regions than in the forest

areas .

Ecosystems of the parasite, vector, and host vary, even in

localities of close proximity. Differences in transmission and

disease intensity are associated with observed differences in

clinical disease patterns. These differences are not fully

understood but must be taken into account in comparing regional

data and developing control programs.

In hypoendemic regions serious visual impairment is not

highly prevalent, whereas in hyperendemic communities blindness

remains a serious problem. Onchocercal blindness can reach five

percent in some regions and as high as 12 percent in villages in
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Upper Volta. This means that in villages where the disease is

rampant, almost the entire adult population has been affected and

half are blinded by this parasite.

Treatment

Treatment of an individual afflicted with onchocerciasis is

aimed at preventing further worsening of the disease by

eliminating either the adult worms or microfilariae from the

infected person without serious adverse effects. This is not easy

to achieve because currently available drugs are too highly toxic

to be used on a large-scale and because surgical removal of

onchocercal nodules has not proven effective.

The excision of onchocercal nodules ( nodu 1 ectomy ) , one of the

first methods of treating onchocerciasis, remains a widely used

treatment procedure. Although performed for more than 40 years in

Mexico and Guatemala, for example, until recently the efficacy of

nodulectomy was not critically examined. Recent findings from

geographic areas in Africa with and without vector control

indicated that nodulectomy did not significantly alter

microfilaria! skin-snip counts when patients were examined two

1 2years after nodulectomy, ' probably because many adult female

3
worms had not formed nodules at the time of surgery and some

nodules were so deep that they could not be palpated or

4 5
excised. ' Nevertheless, since blindness frequently develops in

individuals with high density of microfilariae in the head and
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neck, most eye specialists agree that head nodules, particularly

in children, should be excised because of their proximity to the

eye

.

Another means of treating onchocerciasis is with drug

therapy. The two drugs most commonly used are d i et h
1 y 1 ca r bamazi ne

(DEC) and an arsenic compound, suramin. DEC has been the mainstay

of treatment for onchocerciasis for many years. ^ There are,

however, two major disadvantages to its use: (1) marked adverse

side effects resulting from the in vivo killing of microfilariae^
o

and (2) failure to destroy the adult worms. Even if DEC treatment

did not have negative side effects, its therapeutic value would

only be temporary because the drug has no effect on the adult

worms. The adult worms continue to reproduce and the skin is

rapidly repopulated by new microfilariae over a period of six to

12 months. The skin-snip count returns to pretreatment levels

9
within about a year.

The adverse reactions of DEC treatment include the Mazzotti

reaction, or intense inflammatory response to the death of the

microfilariae and the appearance of therapy-induced lesions. These

lesions appear to be caused by an inflammatory response mechanism

similar to the one that occurs spontaneously in untreated

onchocerciasis. Of special importance are the recently observed

optic neuritis, choroi doret i ni ti s , and proteinuria that are

associated with DEC treatment, possibly manifestations of
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circulating immune-complex disease. '^^'^^'^^

To compensate for the lack of effect on the adult worms, some

1

3

have advocated long-term suppressive doses of DEC or reduction

of the dose but this does not seem to work. Steroids and other

anti -i nf 1 ammatory drugs are ineffective in preventing the Mazzotti

1 4
reaction.

Suramin, the other commonly used drug in the treatment of

onchocerciasis, kills both the microfilariae and the adult worms

but its intrinsic toxicity also causes severe side-effects. The

risk of optic neuropathy and nephrotoxicity severely curtail its

usefulness, especially in large-scale intervention programs . '^^ * '^^

Extreme caution must be exercised in its use as it can sometimes

be fatal .

Since all drugs that destroy mi crof i 1 ai rae seem to cause

similar adverse side effects and carry severe risks, they should

be used only in carefully selected individuals who are closely

mon i tored

.

Other exciting drugs are under clinical investigation. These

include mebendazole, f 1 ubendazol e , and ivermectin. As yet,

however, these drugs have not shown significant advantages over

DEC treatment, but further studies are warranted. Maz zott i -ty pe

reactions have been reported with ivermectin use, and teratogenic
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effects in animals have been attributed to mebendazole. The most

promising of these drugs appears to be f 1 ubendazol e

.

WHO is spearheading an active search for new compounds to

safely treat onchocerciasis.

Prevention and Control

The only known effective preventive measure is avoidance of

the blackfly breeding sites. In West Africa, for example, the

problem is that rivers and streams where these flies lay their

eggs run through fertile, arable valleys that are usually

"densely" populated because of their agricultural potential.

Moving population groups away from these regions causes severe

economic hardship. Large-scale retreats of rural populations from

river valleys to barren upland areas results in overcrowding of

the less productive lands. The land is further exhausted and

eroded by excessive use for grazing and planting of crops,

straining meager resources.

The current strategy for prevention in the Volta river basin,

therefore, is to control the blackfly population by the

application of insecticides for a period of approximately 20

years. WHO, World Bank, United Nations Development Program, and

Food and Agriculture Organization have initiated the

Onchocerciasis Control Program in seven countries of this region

in West Africa, one of the worst endemic zones of onchocerciasis.
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Because many of the breeding sites are inaccessible by land,

aerial application of a biodegradable insecticide is the only

feasible method of eradicating the flies. Systematic elimination

of the vector's larvae can interrupt the disease cycle.

While data have demonstrated that widespread larvicidal

programs are successful, the high cost of such programs precludes

their use in most endemic zones. The wide distribution of the

vectors necessitates the treatment of extensive areas, and aerial

vector control programs are costly ''or technical and logistical

reasons .

Adding to the cost of the control program is the need to

develop new compounds against blackflies. WHO scientists are

accelerating their efforts to develop alternative, nontoxic

insecticides. Another obstacle is that some newly developed

compounds must be used in large quantities requiring the use of

larger aircraft, further adding to the cost of the spraying

program.

Self-help environmental programs to reduce the number of

man-fly contacts are needed. Appropriate technologies, such as the

development of hand-spraying devices or methods for dumping

insecticides into rivers by local villagers, should be developed.

Local farmers and fishermen residing in endemic regions can

effectively expand the vector control programs and prevent
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reinvasion of flies when aerial spraying stops if commun i ty -based

technologies are created. The use of protective clothing by

individuals whose work exposes them to a high risk of onchocercal

infection can also reduce exposure. The participation of the local

population may be achieved by comprehensive community planning and

education.

Research

Summary of Current Findings

Research on vector control programs, chemotherapy, and

immunologic studies are currently supported by two organizations

affiliated with WHO, the Onchocerciasis Control Program (OCP) and

the Special Program of Research and Training in Tropical Disease

Research (TDR). The immunological studies of the host-parasite

relationship are targeted to the development of improving methods

of diagnosis for field studies, elucidating the pathogenesis of

the disease and its therapy-induced side-effects, the development

of safe drugs and ultimately to develop an effective vaccine.

Below is a listing of major investigations:

1. Clinical research on the effects of mebendazole and

other benzimi dazol e is under way

2. The synthesis of lead-based compounds and suramin
analogues are being examined

3. Filaricide screenings are under way in several
WHO-supported laboratories around the world: 2500
compounds have been screened at primary and
secondary levels; some have been identified for
terciary screening.
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4. Investigation of the pathogenesis of the Mazzotti
reaction is being undertaken

5. Basic vaccine development studies including in vitro
culture and animal models are in progress in several
cente rs

6. Longitudinal studies are planned for the Congo and
the Sudan.

The major laboratories conducting studies of

onchocerciasis and related filariasis are:

. Case Western Reserve University (USA)
Investigator: B.M. Greene

. Centro de In vest
i
gaci ones Ecologicas del Sureste (Mexico)

Investigator: A.R. Rivas-A.

. Hamburg School of Tropical Medicine (Germany)
Investigator: Garms

. Liverpool School of Tropical Medicine (England)
Investigator: H.M. Gilles

. London School of Tropical Medicine (England)
Investigators: B.R.Jones, C . D . Mac Ken z i e , and D.S. Nelson

. National Institutes of Health
Investigator: E.A. Ottesen

. Onchocerciasis Chemotherapy Research Center (Ghana)
Investigator: K. Awadzi

. Onchocerciasis Control Program (Upper Volta)

. The Johns Hopkins University (USA)
Investigators: H.R. Taylor and Hamilton

. The Walter & Elisa Hall Institute
Investigator: G.F, Mitchell

. University of Khartoum (Sudan)
Investigator: H. El Sheikh

. University of Michigan (USA)
Investigator: Williams
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Recent Findings

Following are some of the more significant findings and

developments in onchocerciasis research:

Embryostatic effects of mebendazole, with or
withoutlevamisole, have been confirmed in Ghana,
Nigeria and Mexico where the reduction in
mi crof 1 1 ari al levels persisted for twelve months

Although new formulations are needed, injectable
flubendazole has prolonged and profound effects on
adult worms without causing Immediate mi crof 1 1 ari al

action

Development of a modified i_n vitro filaricidal
screening test for clinical prophylaxis and an i

n

vitro diffusion chamber

An association has been established between clinical
status and the suppression levels of T-1 ymphocy tes
and of 2il vitro cellular reactions to filarial
antigens in lymphatic filariasis

Monoclonal antibodies to filarial antigens have been
produced

Ivermectin may reduce mi crof i 1 ari al skin-snip counts
with only mild Ma z zot 1 1 - 1 i ke reaction

Research Gaps

There are important areas in need of further Investigation:

The inflammatory reactions that occur in the human
host in response to the death of microfilariae

The pathogenic mechanisms by which different areas of

the eye develop lesions

Natural history, epidemiology and risk factors of

onchoceral Infections

Immunopathogenesi s of onchocerciasis

The most pressing research priorities are:

1, Study the pathogenesis and Inflammatory mechanisms of the
disease, and patients' allergic response to the death of
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microfilariae; identifj^ filarial antigens to be used in
diagnostic tests

Elucidate the risk factors associated with development of
potentially blinding onchocerciasis, including choroi doreti nal
di sease

Design and conduct clinical trials to evaluate new drug
compounds in the treatment of onchocerciasis

Develop and evaluate immunologic methods of early diagnosis
for field application

Define the immunopathogenesis necessary for preventing the
occurrence of progression of ocular lesions; study immunologic
responses to onchocercal infection as a means for developing a

vaccine

Develop and assess community-based, self-help environmental
vector control programs to reduce the number of man-bl ackf ly
contacts
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ORGANIZATIONS WITH BLINDNESS PREVENTION PROGRAMS
IN DEVELOPING COUNTRIES

What follows is an alphabetical listing of the major agencies
that have developed and/or funded blindness prevention activities
in the developing world.

Asian Foundation for the Prevention of Blindness
33GranvilleRoad
Kowloon
Hong Kong
Mr. K.L. Stumpf, Executive Director

Canadian National Institute for the Blind
1929 Bayview
Toronto , Ontari o M4G 3E8
Canada
Mr. Euclid Herie, Managing Director

Christoffel Blindenmission
e.V. Ni bel ungenst r . 124
D-6140
Bensheim 4

West Germany
Mr. Wolfgang Stein, Director, Overseas Services

Foresight
154 Elizabeth Street
Sydney, N.S.W. 2000
Aust ral i a

Major General Paul A. Cullen, Chairman

Francis I. Proctor Foundation for Research
in Ophthalmology
University of California
San Francisco, California 94143
Dr. Chandler R. Dawson, Associate Director
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Helen Keller International, Incorporated
15 West 16 Street
New York, New York 10011
Mr. John H., Costello, Executive Director

Institute of Ophthalmology
University of London
London EClV 2PD
Engl and
Professor Barrie R. Jones, Director

International Agency for the Prevention of Blindness
c/o National Eye Institute
National Institutes of Health
Bethesda, Maryland 20205
Dr. Carl Kupfer, President

International Center for Epidemiologic and Preventive
Ophthalmol ogy
The Wilmer Institute
The Johns Hopkins Hospital
Bal t i more , Ma ry 1 and
Dr. Alfred Sommer, Director

International Eye Foundation
7801 Norfolk Avenue
Bethesda, Maryland 20014
Dr. Robert Meaders, Medical Director

International Vitamin A Consultative Group
The Nutrition Foundation
888 17th Street, N.W.
Washington, D.C. 20006
Dr. CO. Chichester, Vice President

National Eye Institute
National Institutes of Health
Bethesda, Maryland 20205
Dr. Carl Kupfer, Director

99



Operation Eyesight Universal
P.O. Box 123
Calgary, Alberta T2P 2H6
Canada
Mr. Art T. Jenkyns, President

Royal Commonwealth Society for the Blind
Commonwealth House
Haywards Heath
Sussex RH 16 3AZ
Engl and
Sir John F. Wilson, C.B.F., Director

World Health Organization
1211 Geneva 27
Swi t zer 1 and

a. Program for Blindness Prevention
Dr. Bjorn I. Thylefors, Program Manager

b. Special Program for Research and Traini
in Tropical Diseases
Dr. Patricia Rosenfeld, Program Manager
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